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PREFACE. 



The following lectures were delivered during the Session 

1882-3, in the Hall of the Society of Engineers, at the 

f request of the Council of the Society, who arranged for 

g^ several courses of lectures of a character calculated to prove 

^ of practical utility to the junior members of the profession, 

and of which the present formed the first course. They 

are now published with a view to their being used as an 

4^ introduction to a more advanced course of lectures which 



is in contemplation. 
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LECTUEE I. 

Introduction— Varieties and "properties of iron — Definitions of load, 
stress, and strain — Various modes of strain— Popular use of term 
strain — Breaking weight — Safe load — Factor of safety — Strength 
of wrought iron, steel, and cast iron — Sectional area — Substitution 
of letters for words and figures — Formulas — Leverage— Division 
into three orders — Principle of each identical — Power, weight, and 
fulcrum, terms only nominal — Power or active force, weight or 
passive force — ^Leverage, simply a question of proportion — Con- 
version into formulae — Examples. 

In the course of lectures commeuced this evening, I shall 
place before you the subject of Strains in Ironwork in as 
simple and practical a manner as I am able, assuming that you 
know nothing of mathematics beyond the first elements of 
arithmetic, and I shall endeavour, without going higher than 
the rules of simple proportion, to make clear to you all you 
require to learn in order to determine the amount of stress in 
the different parts of a structure, from a simple bolt or rivet 
to the complete framing of some of the gigantic works in 
iron now called for by modern engineering. The import- 
ance of this study cannot be overrated, whether we consider 
the Civil Engineer and the Architect who give the first con- 
ception of the structure, the Draughtsman who works out the 
detail of the design, or the Mechanical Engineer and Con- 
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tractor who carry it into practice ; everyone who has to do 
with either the design or the execution must have a more or 
less complete knowledge of the stresses and strains, in order 
that his portion of the work may be successfully carried out. 
The want of this knowledge is often apparent in the works 
of Architects : the use of iron is comparatively new to them, 
although now indispensable, and they are too often satisfied 
to leave the contractor to ascertain the necessary amount of 
material : a practice which, there is little doubt, has some- 
times led to disastrous results ; but as the contractor is paid 
by weight, the error is generally on the safe side. 

A knowledge of the physical properties of iron, and the 
mechanical details of its formation into members and 
structures, form of course a large part of the stock-in-trade 
in designing, but the '' calculation of strains " as it is called 
must be looked upon as certainly the most important item. 
This tells you what amount of stress must be provided 
against in the various parts, but it does not tell how to pro- 
portion the shape of the parts. It clothes a skeleton of the 
structure with figures representing the forces to be resisted, 
and undertakes all the theoretical portion of the work, prepar- 
ing it for the practical designer, who, in place of the figures, 
draws in the breadth and thickness of the parts. 

It will be necessary briefly to call your attention to a few 
facts connected with the material, in order that you may 
appreciate the different forms we shall investigate. 

Iron is known under three principal varieties: wrought 
iron, steel, and cast iron ; and, strange as it may seem, the 
only essential difference between these three varieties is the 
amount of charcoal or carbon combined with the iron. The 
purest is Wrought Iron, it contains not more than \ lb. of 
carbon in 100 lbs. of iron. It is malleable, can be forged or 
hammered into various shapes at a red heat. It is dtbctile, 
can be rolled into plates and bars, drawn into rods of different 
sizes and even into fine wire. It is weldahle^ pieces can be 
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joined together at a wliite heat by hammering them, making 
one solid piece equally strong throughout. It is softy con- 
sidered as a metal, and ^rou« or stringy with a grain some- 
what after the nature of wood, running in the direction of 
its length. It is tough and elastic. It rapidly oxidises or 
rusts in damp climates, if unprotected by paint or otherwise, 
Steel is wrought iron with a little more carbon in it, say 
1 lb. in 100 lbs. of iron, but this slight addition of carbon 
makes a yast difference in many of its properties. There 
are other alleged constituents in steel, but the evidence is 
incomplete, and need not trouble us at present The propor- 
tion of carbon also varies, steel beginning where wrought 
iron leaves off; in fact, the line of demarcation is so slight, 
that there are often samples of metal which one man will 
call iron and another steel, even after an elaborate chemical 
analysis. Steel is malleable and ductile^ but requires more 
care in working than wrought iron, and a lower temperature. 
It is weldable if the carbon is not present in too great a pro- 
portion, but when the carbon is in excess the steel can be 
melted and run into moulds like cast iron. The special and 
significant property of steel is its ability to temper, as it is 
called, or take various degrees of hardness, when made red 
hot and plunged into water, which neither wrought nor cast 
iron will do. Its texture varies from fibrous to crystalline or 
granular. It is much tougher than wrought iron, and more 
elastic, and generally speaking, it would be described as 
stronger. 

Cast Ibon is wrought iron with a large admixture of 
carbon, say 2 to 5 lbs. in 100 lbs. of iron. It is brittle, tn- 
fleodble, and crystalline, neither malleable nor ductile, cannot 
be welded, but it may be melted at a high temperature and 
poured into moulds or impressions in sand, forming castings 
of the shape required. 

As you might anticipate from this description, one form of 
iron may be changed into another by the addition or sub- 

B 2 
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traction of carbon ; and this is actually done, but the method 
and object do not concern us just now. There are a few inter- 
mediate and allied stages which may be noticed ; for instance, 
wrought iron may have the surface converted into steel, 
called case-hardening, in order to give a rubbing surface of 
steel without incurring the expense of steql for the whole 
piece. Cast iron may have the surface hardened or chilled 
in the process of casting; this is done where a very hard 
surface is required to resist the wear and tear, the piece not 
being subject to much strain. Cast iron is sometimes 
partially converted into wrought iron, when it is required to 
be tougher than the ordinary cast iron, but cheaper than 
forged wrought iron : this is called maUeahle cast iron. Malle- 
able iron and rolled iron are only other names for ordinary 
wrought iron. Mild steel is only one remove from wrought 
iron, it has all the properties of steel but very slightly or 
mildly. Cast iron is sometimes spoken of only as metal ; at 
other times the term metal is used for brass and gun metal ; 
and again, it is used in speaking of the dimensions in the 
same way as the word scantling. The chief and distinctive 
terms to be used are — wrought iron, steel, and cast iron. 

There are two principal varieties of fastenings adopted in 
connection with ironwork, viz., bolts and rivets. Bolts are 
pieces of round iron with a solid head at one end and a loose 
nut screwed on at the other. Bivets are also pieces of round 
iron with a solid head at one end, but they are plain at the 
other end. When used the rivet is made red hot, put through 
the pieces to be joined, and held firmly, while another head 
is formed by hammering the point down. On account of the 
hammering required, riveting is not suitable for cast-iron 
structures, as the metal is too brittle to withstand the shocks ; 
it is fortunately not much wanted, however, as castings may 
be made very large and require few joints. Wrought iron is 
mostly riveted, as it is a cheap and permanent mode of con- 
necting the parts, but no rivets are used larger than one inch 
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diameter in ordinary work; when sucli wolild be required, 
bolts are resorted to. Instead of having two or three bolts 
or rivets to connect a joint, the connection is sometimes made 
by pins or cotters, a single pin being often three or fonr 
inches diameter. The pin when used alone allows of some 
movement, or " hinge-like " play in the joint, which is in 
some cases desirable. 

The strength of any piece subject to direct strain depends 
upon the size or sectional area of its smallest part, and in a 
whole structure the strength is similarly measured by that of 
its weakest part. Boughly speaking, we may say that twice 
the size gives twice the strength, but there are important 
modifications of the rule, which we shall observe in due 
course. The art of designing economically consists in pro- 
viding the maximum of strength with the minimum of 
material, and there would be no scope in this respect il the 
size alone determined the strength. 

There are three terms used in such discussions as the 
present, which I think it necessary to direct your careful 
attention to. They are — load, strain, and stress. By a Load 
on any member of a structure is meant the aggregate of all the 
external forces acting upon it, including the weight of the 
member itself, and of other parts supported by it. By a Strain 
is meant the change of form produced in a piece by the action 
of a load ; and by a Stbess is meant the resistance set up in 
the material, by its molecular forces opposing the action of a 
had in producing a strain. Stress and strength may be looked 
upon as synonymous terms, although they are not used exactly 
alike. Thus the strength of a piece in a given position may 
be such, that a load of so many lbs. produces a stress of so- 
many lbs, per square inch, the result being a strain, or change 
of form of a certain amount, whether temporary or per- 
manent, and, when large enough, appearing as stretching, 
shortening, bending, crumpling, or twisting. The term strain 
is commonly used instead of stress, and is usually meant as 
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such when we speak of the calculation of strains ; so that 
although we may use this term as an ordinary office phrase, 
we must bear in mind the distinction when we make a 
systematic study of the subject. 

The various kinds of strain which can come upon any 
member of a structure are : 

Tension : stretching, pulling, tearing. 

CoMFBBssioN : Crushing, pushing, squeezing. 

Tbansyebse strain : cross strain, bending, deflection. 

ToBSiON : twisting, wrenching. 

Sheabing: cutting, nipping; or, when acting along the 
grain of wood, it is called Dbtbusion. 

BuoELiNO, or crumpling, is a compound strain made up of 
crushing and bending. Transverse strain may be resolved 
into tension and compression ; and Torsion belongs almost 
exclusively to machinery. Shearing may generally be taken 
as equal in amount to tensile strength, and we have then 
Tension and Compression left, as two chief strains of opposite 
character, and upon which the others may be said to depend. 
Now, taking these two strains, we And that the stress per 
square inch sectional area sufficient to rupture the material 
when of ordinary quality is as follows : 

Tension. Compression. 

Wrought iron .. 22 tons .. 18 tons 

Steel 35 „ .. 60 „ 

Cast iron .. .. 7 „ .. 42 „ 

The safe load on a structure is usually taken at |th the 
breaking weight, |th being in that case called the factor of 
safety, and thus we find that we may safely put the following 
stresses per square inch sectional area upon the material : 

Tension. Compression. 

Wrought iron .. 5 tons .. 4 tons 

Steel 8 „ ,. 12 „ 

Cast iron .. .. IJ „ *, 7 ,, 
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These are all within ^ of the nltimate strength, the cast 
iron being from ^ to ^ on acoonnt of the irregularities in 
that material. These must be taken as general or approxi- 
mate figures, and for dead or gradually applied loads only ; 
as we shall find, in considering special structures, there are 
specially recognised stresses allowed under the ordinary 
working loads. Greater loads than these might be applied 
without endangering a structure, if we could ensure both 
material and workmanship being thoroughly sound, but 
unfortunately this cannot be done. If the material be 
strained to within ^ of its breaking weight it is liable to 
permanent injury, the atoms being, as it were, pulled so far 
apart that they cannot get back into their proper places again. 

Tou will observe that wrought iron has nearly the same 
strength in tension and compression, while cast iron has 
nearly six times the strength in compression that it has in 
tension ; and hence, in some structures, cast iron is used for 
the parts in compression, and wrought iron for those in 
tension. 

Now I must go into figures, and those of you who have 
already some knowledge of the subject must bear with me 
while I explain to those who are quite beginners, how 
sectional areas are found. To find the sectional area of a 
flat or square bar, multiply the breadth by the thickness, and 
the measurements being taken in inches, the result will be 
square inches area. For the sectional area of a round bar 
multiply the diameter by itself and then by 11, and divide 
by 14. But we can put this into a sort of shorthand, very 
compact and useful : 

Square bar a = h X t 

Bound „ a = d xdx \i,0Td^ X '7854. 

These are formulas or equations, and the system of putting 
down letters, instead of figures or descriptions, is neither 
more nor less than Algebra. If you were to see the section 
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of an angle iron for the first time, yon would donbtless 
think it a very difficult matter to obtidn the sectional area 
by measurement ; so it is, to get it exactly, but it is an 
easy matter to obtain it approximately. You will see 
(Fig. 1) that it is curred at the edges and the root, and 
tapered along the sides ; but a straight line parallel with the 
back, cutting the centre of the tapered side, would giye very 
nearly the same amount of material, and this is how the 

measurement is taken (Fig. 2), a = 6 x < + (& — <) ^ *• 

Tee iron, channel iron, and cross iron are found in a 
similar manner. Hollow columns are found by deducting 
the area of the interior from the area of the exterior, each 
being found in the way shown for round bars. 

We come now to the consideration of a few important 
principles in Mechanics which must be mastered before we 
go further. The first of these is the lever. Levers are 
divided into three orders, according to the relative position 
of the power or active force, the weight or passive force or 
resistance, and the fulcrum or pivot round which movement 
takes place, or tends to take place, thus : 

1st order. Fulcrum between the others (Fig. 3). 
2nd order. Weight „ „ (Fig. 4). 

3rd order. Power „ „ (Fig. 6). 

But in each of these arrangements there is only one principle 
involved, and as this is most clearly shown in a lever of the 
first order, we will take that for investigation. The lever 
is assumed to be a rigid, inflexible body without weight. 
The fulcrum is situated at any point between the two extre- 
mities, the power is the force or load applied at one end, 
and the weight is the resistance or load at the other end. 
The lever may be curved or straight, but if curved we take 
our measurements of its length in a straight line only, 
measuring from the points of application of the power and 
fulcrum for the leverage of the power, and from the points of 
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application of the weight and.falcmm for the leverage of the 
weight The lever may even be assumed to be bent at right 
angles, the fulcrum being at the angle, but our measurements 
will be taken in the same way, and there will be no difference 
in its value as a mechanical power in that respect, provided 
that the forces are at right angles to each portion of the 
lever (Fig. 6) ; but if the forces are not at right angles to 
the lever, we must take for the true leverage distance a 
measurement at right angles to the direction of each force, 
as a&, he (Fig. 7). The distance from the power to the fulcrum, 
as defined in these examples, multiplied by the power, is called 
the moment of the power, and the distance from the weight 
to the fulcrum multiplied by the weight is called the 
moment of the weight. When these moments are equal the 
lever balances, but if one be in excess of the other the lever 
will move until it reaches a position in which it will balance, 
or until it is stopped by some external object. Suppose the 
weight to be taken away and the lever prevented from 
moving by contact with some fixed object, then the pressure 
against this object will be the same in amount as that of the 
weight removed. The power may be represented by 
muscular force or by any external pressure or load, and the 
weight by any resistance either external or internal. If we 
call the power P, its leverage a?, the weight W, and its 
leverage y, we can represent the relationship clearly thus : 

P X a? = W X y 

which is called an equation, or the same thing may be 
explained by " rule of three," thus : 

P : W : : y : x; 

and you know that in a proportion simi you multiply the 
second term by the third and divide by the first in order 
to get the fourth, thus : 
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but if we have any three of the four given, we can find the 
remaining one in the same way, thus : 

V XX Pxa? _ Wxy ^ 
^=r- = y. = W, ^ = P ; 

ri y X 

and, putting the respective loads in lbs., with their distances in 
inches, in place of these letters, we can obtain the arithmetical 
result in any given case. Suppose, for instance, we have a 
case in which the power is 8 lbs., its leverage 12 inches, and 
the leverage on the other side 10 inches (Fig. 8). Taking 

W = , we have W = — tt: — , therefore W = 9^*7^, or 

y 10 

in decimals, 9*6 lbs. as the pressure caused against any 
resistance, or the amount of actual weight it would support. 
Exactly the same rules and lettering will apply to the other 
orders of leverage, and we need not, therefore, take them in 
detail. There is only one point about which I must caution 
you particularly, and that is, to take in each case the fuU 
distance to the fulcrum, which is a point sometimes over- 
looked in levers of the 2nd and 8rd kinds. 

In these calculations the lever is assumed to be a rigid, 
inflexible bar without weight. The weight of the lever will 
of course affect the result in any practical case, but by omit- 
ting it for the present, the principles will be much easier to 
understand. To sum up these principles, the product of 
a force into the perpendicular distance of its direction from 
any given point is termed the moment of the force about 
that point. And, taking the power, weight, and resistance 
at fulcrum, as three pressures by which the lever is kept at 
rest, the two terminal pressures must always act in the same 
direction, while the intermediate pressure acts in the opposite 
direction ; the intermediate pressure must always equal the 
sum of the other two ; and, lastly, when equilibrium obtains, 
the moment of the power about the fulcrum must be equal 
to the moment of the weight. 
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QUESTIONS FOB HOME-WORK. 

Answers to be given up at next Lecture, 

1. Required the breaking weight of a wrought-iron bar 1^ inches by 
i inch, having a load hanging to it. (Ultimate tensile stress.)— Ans. 
16 ' 5 tons. 

•^ 2. Breaking weight of a steel rod f inch diameter, with a hanging 
load?— Ans. 15*46 tons. 

y 3. Safe load on two wronght-iron plates, containing together 9 square 
inches, and being under direct thrust. (Safe working intensity of 
stress in compression) ? — Ans. 36 tons. 

^ 4. Safe load on three steel bars taken together, each being 1| inch 
by -^ inch, and acting as ties. (Safe working intensity of stress in 
tension)? — Ans. 12*19 tons. 

^ 5. Safe load on a hollow cylindrical piece of cast iron, 4 inches inside 
diameter, 6 inches outside diameter? — Ans. 109*96 tons. 
^6. What sectional area in wrought iron would be required to resist 
a compressive load of 15*25 tons safely, assuming the piece to be too 
short to bend under the strain ? — Ans. 3* 82 square inches. 
^ 7. If you assume cast iron to require a factor of safety of -j^, what 
tensile stress could you put upon a piece 7i inches by | inch ?— Ans* 
4*6 tons. 

A 8. A bar 3 feet 6 inches long, supported at 1 foot 6 inches from one 
end, has a weight of 18 lbs. hanging on the long end ; what pressure 
will be required at the short end to balance it ? — Ans. 24 lbs. 
^ 9. A bar 6 feet long is pivoted at one end ; what power would be 
necessary at 1 foot from the free end, to balance a weight of 23 lbs. at 
1 foot from the pivot end? — ^Ans. 4*6 lbs. 

^10. A bar 4 feet 3 inches long is hinged at one end, it is pushed 
perpendicularly at a point 1 foot 3^ inches from the free end by a force 
of 29 owts. ; what pressure will the bar exert against a resistance at the 
free end?— Ans. 20*19 owts. 



12 STRAINS IN IRONWORK. 



LECTUEE n. 

Pressure of loaded beams on the supports — Girders and roofs fonnd in 
same way — Load in centre and out of centre — Parallelogram of 
forces — Definition and explanation — Composition and resolution of 
forces — Use in finding effect of load on inclined struts — Horizontal 
thrust — Combination of parallelograms — Graphic delineation of 
strains — Leverage by diagrams — Case of similar triangles — Appli- 
cation to pressure of loaded girder on supports — Polygon of forces 
— Reciprocal diagram — Strain in a strut varies with the angle — 
Inclined struts — ^Value of trigonometry — Calculations may be made 
without it — Horizontal strut — Examples. 

Wb now come to the application of some of the principles 
we learnt in the first lecture. We will commence Ytdth an 
ordinary girder, finding by leverage what pressure or load is 
caused upon the wall supporting it. The arrangement will 
be as shown in Fig. 9, forming yirtually a lever of the second 
or third kind, although it has apparently two fulcrums and no 
power ; but you must bear in mind that these are accidental 
terms only, and that whether we call any given load a power 
or a weight, it makes no difference in the result. 

First, let us assume the load to be exactly in the centre ; it 
would appear on inspection that the pressure upon each 
support would be J the load -|- J the weight of the girder, 
and this can be proved to be correct ; but if the weight be not 
exactly in the centre, the pressure will evidently be greater 
on the nearer support, and in order to find out how much 
greater, we must make use of x>xa formula for leverage. Here 
let A be taken as the ful^m, W as the active load or power, 
and B as the passive resistance or weight, x the distance of 
the load from the left-hand support, and I the total distance 
between the supports, called the span of the girder. Then 
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the leverage of the power will be x, the leverage of the 
resistance Z, and the pressure on B = — r- . For the pres- 
sure on A, we must assume B as the fulcrum, and A the resist- 
ance, then the leverage of W will he l—x (i. e. the length 
of ly less the length of x), and the formula will stand thus : 

W X (I' X) 
Pressure on A = j ; 

but to each of these answers, wlierever the had may he, we 
must add half the weight of the girder, supposing it to be 
of uniform section, to get the total load on the supports. 
The proof that the pressure on the supports is equal when 
the load is in the centre is obtained thus : — When W is in 
the centre I ^ x = x, and we may therefore put x in place of 
2 — a; in the last formula, when it becomes identical with, and 
therefore equal to, the preceding formula. 

If you understand the work so far as we have gone, you 
have really learnt a great deal ; because all girders, roofs, and 
bridges tied together into one frame follow exactly the 
same rules. Thus, if this outline (Fig. 10) be taken as re- 
presenting one truss of a roof, say twenty feet span, and the 
weight of itself with the covering it supports, including 
allowance for wind and snow = 5 tons, then the pressure on 
each support will be 2^ tons. Or, if we take a rigid frame 
irregularly shaped or loaded, as in Fig. 11, or a lattice girder, 
Fig. 12, the proportion of the load on each support (apart 
from weight of girder) will be determined by the formulaa 
we have just taken. 

. Now, leaving the question of leverage, we must take up 
another of the fundamental principles, called the parallelo- 
gram of forces. A parallelogram is simply a four-sided 
figure with its opposite sides parallel. Figs. 13 to 16. The 
principle of the parallelogram of forces is this :— rif two 
adjacent sides of a parallelogram represent by their position 
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and lengfch the direction and magnitude of two forces, then 
a diagonal from the junction of these two lines will represent 
the direction and magnitude of a single force which would 
have the same effect as the two others combined. 

The reverse of this is equally true : — If a force be repre- 
sented in magnitude and direction by the diagonal of a 
parallelogram, the two adjacent sides meeting at one end of 
that diagonal will represent the magnitude and direction of 
two forces giving a similar result. But the same diagonal 
would answer for any number of parallelograms, as in 
Fig. 17, and we can therefore take the most convenient one ; 
for instance, if we have a force acting in the direction A B, 
Fig. 18, and we wish to substitute for this two other forces, 
one of which shall be in direction and magnitude equal to 
A C, then we join B, make A D parallel to B, and B D 
parallel to C A, then A D will be the second force required. 
Or we may have the force A B, Fig. 18, and have the direc-- 
tions of the forces ACAD, but not their magnitude ; in that 
case, by drawing lines parallel to A C, A D, through point 
B, we obtain their magnitudes. 

Now let us apply this knowledge to the case of two in- 
clined struts, thus (Fig. 19), A C and C B, the load upon them 
being represented by W. Here we have a single force, the load, 
of given direction and magnitude, and we have the directions 
of two other forces, or the lines in which they will act, and 
we want to find their magnitudes. If we mark off on W 
a point IT, so that C equals the load to any given scale, and 
through w draw lines w a,w h, parallel to B C, A C, then 
the lengths a, 6, will give the respective magnitudes of 
the forces in C A, C B. 

It is clear that these will be pushing forces in the struts, 
or in other words, the struts will be in compression, and 
therefore some resistance must be provided to hold their 
lower ends. We have shown them resting on a wall, and 
now we must ascertain what the effect is. Here we come to 
a repetition of the operation we have just performed. We 
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have, taking one side first, the one force acting in line with 
the strut to be resolved into two, one acting downwards 
and giving, as we may say, the weight on the wall, and the 
other acting horizontajjy, or tending to canse the foot to 
slide along the wall, called the horizontal thrust. Mark off 
from B, B d = 6 c, which is the measure of the inclined 
thrust in the rafter, then draw d e vertical, and d/horizontal, 
continue the surface of the wall through B to e and the side 
of the wall also through B to /, then B e will represent the 
horizontal thrust, and B/ the downward thrust or weight. 
The downward thrust is of course provided for by the wall, 
but the horizontal thrust must be counteracted by tying the 
feet of the struts together, or by bolting them down, unless 
the bearing surface of the wall be cut away perpendicular to 
the strut, as in Fig. 20, in which case the thrust and weight 
would balance each other. Exactly the same description 
would apply throughout, if the struts were of different 
lengthsy the operations being repeated on each side, and the 
strains being found to be smaller on the side with the flatter 
angle. Instead of having a separate parallelogram for the 
foot of the strut, we may combine it with the first one drawn, 
thus (Fig. 21), and I will take unequal struts this time. C W 
being set off equal to the weight, w a drawn parallel to B 0, 
and w h parallel to A C, then a C will be the compression in 
AC, ac the horizontal thrust at A, C c the downward thrust 
at A, C 6 the compression in CB, dh the horizontal thrust 
at B, and C d the downward thrust at B. 

By comparing this diagram with the preceding one, you 
will see that this is worked on the same principle, but is 
more compact. Instead of C & being repeated at the lower 
end of the strut, it remains at the upper end, and the thrust 
is resolved by drawing the horizontal and vertical lines from 
h and C. 

In the case of leverage I took the algebraic method of 
calculation, and in the parallelogram of forces the geo- 
metrical method, but they can both be worked out either 
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way. In any system by which forces or stresses are indi- 
cated by the lengths of certain lines, the method is known as 
*' the graphic delineation of strains." If yon accnstom yonr- 
selyes to this mode of working, yon will be astonished at the 
number of cases in which it will assist yon, and the ease 
with which complicated questions may be worked out. 

It may be useful just to show yon how questions of lever- 
age may be worked out with a ruler and pencil. In a lever 
of the first order we have the arrangement shown in Fig. 22. 
Over the fulcrum set up w equal in length to the known weight, 
upon any given scale ; join the end of this line with the 
power end -of the lever, from the fulcrum draw a line parallel 
to the last, and produce a line over the weight to meet it, call 
this line p. Then, if w represent the weight to be balanced 
on this lever, p represents the power that will do it ; and vice 
versa, if we have a given power and want to find the weight 
it will balance, we set up p equal to the power and join it to 
the fulcrum, from power end of lever draw line parallel, then 
draw vertical line over fulcrum to meet the last, and it will 
equal W. This method depends upon the properties of 
similar triangles, or those of different sizes but similar 
shape. For a full explanation you must refer to Euclid YI. 
2, but it is easy to see that it is simply a question of propor- 
tion in the triangles : 

X : y :: W : P 
or, y : a? :: P : W. 

In levers of the second and third orders, the graphic con- 
structions will be alike, as seen in Figs. 23 and 24. 

Set up w over P, equal to the weight (Fig. 23), then line 
p drawn above the weight will equal the power required; 
and set up p over W, equal to the power (Fig. 24), then line 
10, drawn under the power P, will represent the weight that 
will be balanced. 

In representing the pressure of a girder upon its supports 
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the principle is tlie same, althougli the diagram looks rather 
different. We will take an example, see Fig. 25. Let A B 
represent the girder whose length is Z, and W the load, its 
position dividing the girder into two portions x and y. Take 
line A B as a base line, and at each end set up a line w equal 
to the load W. Then for the load upon bearing A, join point 
B with the top of line w over A, and through a point on the 
base line vertically under the W draw a parallel line ; the in- 
cluded space a on line w over A, shown thick in the diagram, 
will then be the proportion of the load borne at A. By 
reversing the construction and drawing the parallel lines to 
the right, we get in the same way the portion h representing 
the load upon B ; 

then I : X :: to : h 

and I : y :: w : a. 

Before we leave the geometrical system for a time I must 
call your attention to a remarkable property connected with 
the graphic representation of forces in equilibrium. By 
equilibrium we mean, in plain English, that whatever strain 
may be on the different parts, there is no tendency to move 
unless something gives way. The property is this : if the 
forces be represented by lines of similar direction and pro- 
portional magnitude, they will form, if put together as a 
continuous outline, a closed figure of as many sides as there 
are forces : thus, if Fig. 26 represent three forces in equi- 
librium, the lines put together will make Fig. 27, called a 
triangle of forces ; or if there are more than three forces, as in 
Fig. 28, the lines put together will make Fig. 29, called a 
polygon of forces. If the lines be drawn at the proper angle 
and of the right length, but do not form a closed figure, then 
we know for a certainty that the forces are not in equilibrium, 
and that we have over estimated — or under estimated— one or 
more of them, and hence this mode of re-arranging the lines 
forms a valuable check upon accuracy of the work. The 

c 
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converse of the polygon of forces is equally true, viz. : K 
the sides of any closed figure be taken to represent the 
directions of the same number of forces, taken in order, and 
meeting in a point, then the lengths of the sides will repre- 
sent the magnitudes of the forces. This is an exceedingly 
useful property, and we shall find that it enables us, by means 
of what is called a "Eeciprocal diagram," to ascertain easily 
the strains upon a complicated framework. 

We have seen how to find the strains on inclined struts 
geometrically ; it is also desirable to know how to find the 
same by calculation. It is evident that if the strut were 
vertical, the strain would be exactly equal to the load ; while 
if it were horizontal, there would be no strain at all (the end 
not being £xed), the difference between these two extremes 
depending upon the angle of the strut. If, however, we make 
our calculations from the angle itself, we shall have to use 
trigonometry, which means three-angle measurement ; but we 
can avoid this by calculating from the parts which form the 
angle, viz., the height and the span. 

Let C D, Fig. 30, represent the proportion of weight 
borne by the strut C B, then the length C B will represent 
the compressive strain in Q B. The calculation is very 
simple. Let us mark the perpendicular height D = P, the 
inclined length C B or hypothenuse of triangle B D C = Hr 
and the horizontal distance B B or base of triangle = B, 
10 = proportion of load borne by strut C B as found by 
leverage, t = horizontal thrust at foot, d = downward thrust, 
and 8 = inclined thrust or strain in the strut or rafter ; then, 

P : w :: H 
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Those simple formnlsB being due to the fact that the length 
of the sides represents proportionally the strain in each. 

If out of three dimensions — ^base, perpendicular, and hy- 
pothenuse — you have only two given in figures, you can 
measure the third off to scale, which is quite near enough for 
ordinary purposes ; but if you should wish to have mathe- 
matical accuracy, the following will be the formulaB: — 



B = V H^ - P^ P = V H^ - B% H = V B^+ p^ 

depending upon Euclid I. 47. 

Now suppose one of the struts to be inclined and one 

horizontal, as in Fig. 31, the horizontal strut will have no 

direct strain from the load, but it will have a great strain due 

to supporting the end of the inclined strut. A parallelogram 

with C to = full load, according to any given scale, will 

give us at once C a = strain in C A, and C h strain in C B. 

B W 
By calculation the strain in A C = ^p- ' and that in 

In all these illustrations we have omitted the weight of 
the parts, because it would unnecessarily complicate the 
questions until we have taken up distributed loads, which we 
shall do in the next lecture. 

QUESTIONS FOB HOME-WOBK. 

1. A girder 24 feet long, ^ith a span of 20 feet, has a load of 9 tons 
3 feet away from the centre ; what will be the pressure on the nearest 
support, omitting the weight of the girder? — Ans. 5*85 tons. 
^2. A lattice girder weighing 1 ton carries a uniformly distributed 
load of 13 tons over a span of 11 feet ; what proportion of the total load 
will be borne by each of the supports ? — ^Ans. One half on each = 
7 tons. 

3. An inclined rafter 8 feet long rests against another 15 feet long, 
and the lower ends are supported on a level surface ; show the amount 

G 2 



20 STRAINS IN IRONWORK. 

and direction of the various strains set np when a load of 9 tons is 
carried at the apex, and the feet are 18 feet apart ? — ^Ans. See Fig. 32. 
L/ 4 . A cast-iron girder 17 feet 3 inches span has a load of 7| tons 
resting at a point 5 feet 9 inches from support A ; what will be the 
load on support B? — ^Ans. 2*58 tons. 

1/ 5. The upper end of a rafter inclined at an angle of 45^ rests against 
a horizontal strut; what weight must be hung at the junction to 
balance an upward force of 2 tons acting along the inclined rafter? — 

Ans. V 2 = 1 • 414 tons. 

'/ 6. In the la^t question, if the rafter were placed at a steeper angle 
with the same load, would the strain in it be greater or less ? — Ans. 
Less. 

7. Two forces of 10 and 15 tons respectively act upon a point at 
right angles to each other ; if the direction of the smaller force should 
be altered to 120° from the greater, what must be their magnitude to 
produce the same resultant as before?— Ans. 11*55 and 20*77 tons. 
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LECTURE ni. 

Distributed load carried on horizontal beam — When inclined, strain 
varies with angle of bearing surface on support — Lean-to roof— 
Strain in pair of inclined rafters — Span roof — Tie rod — King bolt 
— ^Trussed beam — Strains in same — Strength of girder according 
to method of fixing and position of load — Cantilevers — Ordinary 
girders — Continuous girders — ^Typical form of cross-section of girder 
— Action of load on a cantilever — Distribution of the strains — 
Investigation of leverage — Construction of formulaB — Diagram of 
strains ; tension, compression, and shearing — Strain at intermediate 
points found by ordinates — Examples. 

We have, so far, considered the effect of concentrated loads 
only; if we had assumed the loads to be spread over the 
surface, or distributed, it would have modified some of the 
results. These cases require careful attention, because they 
nearly always involve more difficulty than concentrated 
loads. Let us take an easy one first — an ordinary girder or 
horizontal beam, as in Fig. 33. As it stands, each support 
would bear half the full load, but if the beam were inclined 
what would be the result ? It wiH vary according to the 
nature of the bearing at the higher end. A, Fig. 34 ; suppose 
we can secure a horizontal bearing, as in Fig. 35, then the 
load will be supported half at A and half at B, each half 
resting on the support, and acting as downward thrust or 
weight, without putting any compression on the rafter, or 
thrust at the foot. There will of course be a cross strain 
tending to break the rafter by bending, but that is a matter 
for separate consideration. If the higher support were 
placed vertical instead of horizontal, as in Fig. 36, then 
point A would get no direct support, and there would 
be the same pressure against the wall as if it were 
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a horizontal strut. Taking for weight the half of the 
load that ought to be supported at A, ^he effect of this half 
is transmitted down the rafter to B, where it is resolved into 
a downward thrust and a horizontal thrust, as in Figs. 80 
and 31. It will be found that this downward thrust is just 
equal to half the total load, while the other half is resting 
direct upon B; therefore B gets the whole load upon it, 
besides the portion found as horizontal thrust, which will 
just equal the thrust found upon the vertical wall. This is 
the condition of things in the simplest form of roof, viz. a 
lean-to, and an intelligent carpenter will always give a hori- 
zontal bearing like Fig. 35, to prevent any outward thrust, 
although it is not at all unusual to find it omitted. If instead 
of the vertical wall we add another rafter, inclined the 
opposite way, we shall have the conditions of a common 
span roof or pent roof, as in Fig. 37. Here we have each 
rafter supporting ^ the load, say ^ resting at the lower ends, 
and ^ at the upper ends, the f at the upper ends reacting 
against each other, causing compressive strains in the rafters, 
which will be resolved at A and B into thrust and weight as 
before. The J at each lower end is simply dead weight on 
the supports; and it is most important to observe that, 
omitting the cross strain, no effect whatever is produced by 
it upon the rafters. The thrust from a roof of this kind 
frequently causes the supports to be pushed over, and hence 
it is only used for small sheds and greenhouses. The thrust 
may be mot by tying the ends of the rafters together, as in 
Fig. 38. This tie rod will be in tension because the ends 
tend to be forced asunder. The amount of strain will equal 
the thrust found on either side, not the two thrusts added to- 
gether, because they are acting in opposite directions. An 
illustration would be, two men pulling at a rope in opposite 
directions ; although two men would be pulling, there would 
only be what might be called a one-man strain in the rope, 
because the other man might be replaced by a dead post. 
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In this sketch we have the simplest form of roof tmss, but 
there is a practical defect in it, apart from decreasing the 
head-room for walking underneath. Ton know that it is 
impossible to pull a chain or string to a perfectly straight 
line : it bends down in the middle, however hard it may be 
pnlled ; this bending is called sagging, and to prevent the 
sagging of the tie rod in the example before you a king bolt 
is often put in, as in Fig. 39, to hold it up in the middle. 
In calculating the strains on this as a roof truss, you will 
find no strain on the king bolt due to the load on the roof ; 
all it has to do is to bear a portion of the weight of the tie 
rod ; we are, however, for the present, omitting all strains 
due to the weight of the parts, and also the effect of cross 
strains. 

If we reverse the last example, as in Fig. 40, we have the 
simplest form of a trussed girder or bridge; it will be 
familiar to you as the method of strengthening a beam of 
timber for carrying loads. In this arrangement all the 
strains are reversed : we have C D now acting as a strut in 
compression, and A D, D B, as ties in tension, A B being in 
compression. Suppose we had a load distributed over the 
beam, there would be one half on A 0, and the other half on 
B. The half on A C would be resting half of it on A, and 
half on C ; while that on C B would be resting half on 0, 
and half on B ; so that we should have I the full load on A, 
f on C, and j-<on B. The portions at A and B would rest 
direct upon the support, without causing any strain to pass 
through the framing, but the f on C would be transmitted 
through C D, and thence through D A, D B, to A and B ; 
because, whatever the arrangement of trussing, the final 
result comes to the abutments or supports. CD being 
exactly in the direction of the load on C, that load, viz. ^ 
the total load, will be the measure of the strain on CD 
without requiring any calculation. By drawing the paral- 
lelogram shown in Fig. 41, the load c D will be resolved into 



' 
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two forces, Da, D b, giying the tensional ftrains in D A, 
D B. Then by joining, a 6 we resolve the force a D into a o, 
o D, and h D into & o, oD, the horizontal lines ao or oh 
giving the compression in A B ; and the vertical line o D, 
the weight on A and B, in addition to the portion of the 
load which we found resting there direct. 

We might continue to take other forms of trussing, more 
and more complex, and work them out in the same way, but 
before we proceed further in this direction it will be neces- 
sary for us to learn something of the effect of cross strains, 
such as occur in girders. 

The effect of the load upon a girder, or any piece of a 
structure subject to cross strain, varies considerably, accord- 
ing to the manner in which the girder is supported and the 
nature of the load. I might give you a tabulated statement 
of this, but it will be better to work it out and show you the 
reason of these differences. 

First take a girder having one end built into a wall, or other- 
wise ffrmly fixed, as in Fig. 42, and called in this position a 
cantilever; or the projecting end of a girder beyond a 
column would be a similar case. Suppose this girder to be 
12 feet long, and just strong enough to bear a load of 1 ton 
on the end ; then if the load be distributed, as in Fig. 43, it 
will bear 2 tons, because one half will be carried direct by 
the support, and the other half or 1 ton will be carried 
by the end of the cantilever as before. Or we may look at 
it another way, and say that if the load were collected at the 
centre of gravity it would have a leverage of only half the 
amount, the moment of 2 tons at 6 feet being equal to the 
moment of 1 ton at 12 feet, and therefore of corresponding 
effect as regards the maximum strain occasioned in the 
girder, although we shall find further on that the detailed 
effect differs. 

Now, if we can support the ends of the girder, leaving the 
same clear span as before, and put a concentrated load in 
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the middle (Fig, 44) it will bear 4 tons, because we may say 
2 tons is on the middle end of each half of the girder, and 
a)3 the half girder is only half the span or leverage of the 
previous example, the cantilever, it will bear double the load 
with the same strain. If the load be spread over the girder as 
in Fig. 45, it will carry 8 tons ; we may say 4 tons is on each 
half of the girder — 2 tons on the supports direct, and 2 tons 
on each side at the centre — equivalent to the previous 4 tons 
in the centre. If both ends of the girder be built into a wall for 
some distance, or otherwise firmly secured at the ends, as in 
Fig. 46, we may put 8 tons in the centre. We may look upon 
this as two cantilevers, each of one-fourth the span of our former 
one, and supporting at their ends a girder of half the span, as 
in Fig. 47. The cantilevers being one-fourth the span will each 
carry 4 times the load (1x4 = 4, 4x2 = 8 tons). But 
suppose the load to be distributed, this girder will presum- 
ably carry IS- tons, because half will be carried by the walls 
direct, the other half straining the girder as before. Professor 
Unwin says that a girder under these conditions would only 
carry 12 tons ; Dr. Anderson says it is a doubtful case, and 
that different authorities give from 12 to 16 tons : so that we 
may look upon 12 tons as the minimum to allow, and 16 as 
the maximum. Taking the latter figure, and reviewing our 
illustrations, we find that similar girders will carry sixteen 
times as much under one set of conditions, as they will under 
another set. This is a particularly instructive set of examples, 
because it will show you that the dimensions and weight of 
ironwork are not altogether dependent upon stresses, but that 
there is in any structure plenty of scope for good designing. 
You will find the girder with fixed ends commonly occurring 
as part of a continuous girder : that is, one continued over 
several supports, as in the railway bridges over the Thames. 
The typical form of a girder, taking a cross section, is 
shown in Fig. 48, consisting, as you see, of a top and bottom 
flange kept apart by a web, and prevented from twisting by 
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means of angle irons in the case of wronght-iron girders, and 
by casting in one piece in the case of cast-iron girders. The 
flanges and the web are the main parts ; angle irons, stiffeners, 
cover plates, rivets, &o., being mere details of constraction. 

We have considered the loading of different girders from 
what we may call a common-sense point of view, which we 
shall find very nseful presently, but we must look a little 
closer into the effect of these loads ; the simplest case will be 
that of our first example, the cantilever, loaded at the end, 
Fig. 49. 

It is clear that the load will tend to canse the girder to 
bend down, as in Fig. 50, and it is also clear that this bend- 
ing strain is made up of a stretching or tension in the top 
flange, and a crushing or compression in the bottom flange. 
The web is not considered to render any assistance in resist- 
ing these strains, its sole duty being to keep the flanges 
apart, but there is a strain in it due to the direct action of 
the load which will claim our consideration. We may look 
upon the bending strain as simply a question of leverage, 
and there are three ways of considering it, all coming to one 
result, Figs. 51, 52, and 53. 

The load multiplied by the length of the cantilever = the 
moment of the power in each case. Then for the moment of 
the weight we have in the first case the resistance in the top 
flange x i the depth, + the resistance in the bottom flange 
X i the depth. In the second case, the moment of the 
weight will be the resistance in top flange x whole depth, 
and in the third case resistance in bottom flange x whole 
depth. Putting letters for words, we have these equations : 

n. W X Z = t X d 
III. W X ^ = c X d; 
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or putting the same statements as formulsB 

W X I 



I. t + c = 



n. t 
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W X I 
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W X I 

d 



so that, whichever way we consider it, the strain is equal in 

each flange. To take an example, say — load 4 tons, length 

4x8 
8 feet, depth 2 feet, strain in either flange = — - — = 16 tons. 

This is of course the strain next to the wall, where the fulL 
length of the cantilever comes into action. If we want the 
strain at any immediate point a;. Fig. 54, we take the 
horizontal distance W a? as leverage of the power, and by 
working out a few points we shall find that the strain along 
the girder is exactly proportional to the distance from the 
lead, and that immediately under the load, as there is no 
leverage, so there would be no strain. 

This can be shown geometrically in a beautifully simple 
manner. If we set up A a to any given scale, making- it 
equal to the maximum strain as found by the calculation, 
and then join a with the point under W, the vertical height or 
ordinate from the base, at any point x, will give the amount of 
strain in the flanges of the girder at that point, being tension 
in the top flange, and compression in the bottom flange. 
The whole thing may be done geometrically if required, 
thus. Fig. 55 : put the girder down to scale, join the top 
of the girder h at one extremity with the bottom c at the 
other extremity, produce the line of underside of girder A c 
indefinitely, set up A c? = W, draw d e parallel to h c, from 
point A with radius A e describe an arc, and continue A d to 
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meet it in /, then A/ will equal the result found by the pre- 
vious calculation, viz. the maximum strain on the girder. 
The advantage of the geometrical method is that it can be 
used just as readily if the question be full of fractions, but 
the result is of course only approximate, depending upon the 
neatness in working. If you are careful to use a good scale, 
and a hard pencil with a fine point, the result will be near 
enough for all practical purposes. 

I mentioned that there was also a strain due to the direct 
action of the load ; this is a shearing strain, and is assumed 
to be borne entirely by the web. It is a difficult mathe- 
matical investigation to prove what part the flanges and web 
respectively take in resisting the various strains, but it is 
found to be practically correct to assume that the tension and 
compression are taken by the flanges, and the shearing by the 
web. The tendency of a shearing strain is to cause one 
section of the girder to slide on another, as if cut or sheared, 
as shown in Fig. 56. 

In the case of a cantilever loaded at the end, the shearing 
strain is uniform throughout, except for the slight alteration 
made by the weight of the girder itself, and is equal to the 
load. If the load be 20 tons, the shearing strain will be 
20 tons, or allowing 4 tons per square inch, the sectional 
area of the web must be 5 square inches, and uniform 
throughout its length. The shearing strain would be indi- 
cated geometrically, as in Fig. 67. Drop line A 6 = W, 
draw W c vertically, and h c horizontally, then ordinates from 
base line of girder to & c give the strain at any point. All 
the ordinates being equal, the strain is seen to be uniform. 

QUESTIONS FOB HOME-WORK. 

1. A rafter 11 feet long, with one end 5 feet 8 inches higher than 
the other, has a distributed load of 2f tons ; what will be the horizontal 
thrust at each end, and what the load upon the wall at the foot ? — Ans. 
Thrust 2-28 tons, load 2*75 tons. 
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2. A trussed beam 24 feet span has a concentrated load npon it of 
10 tons, 8 feet from one end, the strut is directly under the load, and 
12 feet long ; what will be the amount and nature of the strain in each 
portion? — Ans. See Fig. 58. 

3. A tall man and a short man have a load slung on a pole midway 
between them; which will bear the greater proportion of the load, 
and why ? — Ans. The bearings will be in line with pole (see Fig. 59)> 

the load on each man will be -^r^ = J a. There will also be a sliding 

W p 

tendency to be stopped by friction, amounting to -r-^ = i 6 on each 

2 H 
man. Bat there will be a tendency for the load to work downwards 
towards the short man, who will then have to bear the greater pro- 
portion. 

4. If a cantilever carry a load of 7f tons safely at its extremity, how 
much would it carry evenly distributed ? — Ans. 15} tons. 

5. If a girder supported at both ends just break with a distributed 
load of 27 tons, what load placed in the middle would cause its frac- 
ture ? — Ans. 13} tons. 

6. Sketch a typical form of girder in section, and name the strains 
in each part when fixed as a cantilever and loaded in the middle. 

Ans. Top flange, tension .. 

Web, shearing 

Bottom flange, compression 
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LECTUEE IV. 

Effect of diBtributed load — Strain varies as the ordinates to a parabola 
— Setting out parabola — Method when particular points only are 
required — General calculation of strains in a girder divided into 
three stages : pressure on supports, strain in flanges, strain in web 
— Girder with concentrated load in any position — Maximum strain 
immediately under load — Variation of strain between extremities — 
Investigation by diagrams and formulaB — Also by leverage — Com- 
bination of diagrams from two or more loads — Special diagrams for 
rapid use — Girder with distributed load, method of finding strains 
— Proportioning material to resist the strains — ^Examples. 

If a cantilever be loaded with two or more weights, we can 
find the collective result by taking each result separately, in 
the manner shown in the last lecture, and then adding them 
together. The extreme case will be when the cantilever is 
loaded uniformly throughout its length. We shall find the 
maximum strain only one-half of what it is with an equal 
load concentrated at the outer end ; the effect is the same as 
if the whole of the load were collected at its centre of 
gravity, which would be half way along the cantilever, and 
have therefore only half the leverage, as in Fig. 60. The 
intermediate effects will, however, not be similar. If we 
calculate the result of each of these small weights at its 
respective leverage, we shall find that we do not obtain a 
uniform difference of strain along the girder as before. 
Putting down the heights found for the strain at the 
various points, we shall find that they form a curve instead 
of a straight line. This curve will be one-half of what is 
called a parabola, with the vertex at end of cantilever, and, 
as it is quite indispensable to be able to construct one of the 
right shape and any given size, I will tell you how to do 
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it. Let A, B, Fig. 61, be the length, and AC the height ; 
divide A B into any number of equal parts, and A C into 
the same number. Set up B D equal and parallel to A C, 
join C D, and from each point on A B draw a vertical 
line parallel with A 0. Then join B with each of the 
points on AG, and through the intersection of the lines 
from similar points on A 0, A B, draw the curve C B. Then, 
ordinates or vertical measurements from any point on A B to 
the parabolic curve will give the strain at that point. 

But suppose we only want to know the strain at one or 
two particular points, we need not draw the whole curve, 
thus : required the strain at A, », and y. Fig, 62. We will 
divide this into two diagrams to show the separate stages more 
clearly, although in practice you would work right through on 
the one figure. First, for the strain at A, this will be equal 
to the height of the parabola and may be found geometrically. 
Take A B as the base line. Fig. 63, and g as the point under 
the centre of gravity of the load, then A g will be the leverage 
of the load. Let A c = depth of girder, join c g, set up Ad = 
load to any given scale, and from d draw d e parallel to c g^ 
then from point A with radius A » describe an arc cutting A d 
produced in point/. Then A /will be the strain in the 
flanges at point A. Now for the strains at x and y, see 
Fig. 64 : set up A/ from the last figure, and B h equal and 
parallel to it, join / A, and draw vertical lines from x and y 
to meet / A in points m and n. Join A h and draw m o,np, 
parallel to A ^ ; join oB,pB, then where o B cuts m x call 
the point q, and where p B cuts n y call the point r. Then 
X q will be the measure of the strain in the flanges at x^ and 
y r the strain at y. 

With a cantilever loaded in this manner, the shearing strain, 
instead of being uniformly equal, is uniformly reduced, being 
equal to the total weight at the support end, and tapering off 
to nothing at the outer end, as in Fig. 65, the vertical height 
at any point being the measure of the shearing strain at that 
point. You will observe that shearing strains are usually 
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shown below the girder, while flange strains are shown above 
it, using the bottom of the girder as a base line. 

Our investigation of the strains in a cantilever will help 
us to understand more readily those in an ordinary girder 
supported at each end. First, with a concentrated load, 
Fig. 66 ; we may divide the calculations into three stages, 
viz. : the pressure on the supports, the strain in the flanges, 
and the strain in the web. We have seen already how to And 
the pressure on the supports, but I will show you a slight 
modification of the same principle, which will also be useful 
as leading up to the discovery of the strains in the flanges. 

Let A B, Fig. 67, be the girder with span I, and W the 
position of the load, dividing the span into the portions x 
and y ; take a large scale, as there are several lines to put on. 
Set up B c = the load on the given scale, join A c, then the 
vertical height between the bottom of the girder under the 
the load, and this line, viz. e d, will be the proportion of the 
load borne by support at B. Draw cf parallel to girder, 
and produce edtof, then df will be the load on support A, 
the whole load ef being divided between the supports A and 
B in ther proportions e d, df. 

Now e d being the load on B, we may look upon the resist- 
ance, which is of course equal to the pressure, as an active 
reaction or power, with the leverage y, and we get the following 
proportion : — As depth of girder : leverage : : reaction at sup- 
port : strain in flange. I wiU give you a little sketch, as 
soon as we have done with the present one, which will put 
this proportion in a very clear light. 

To resume our construction, let e ^ be the depth of the 
girder, then join g B and from d draw d h parallel to ^ B ; then 
eh will equal the strain because 

eg : eB :: ed : eh. 

From e as a centre, with radius e h describe the quadrant h t, 
join t A, t B ; then the strain in the flange, at any point, will 
be obtained by ordinates from A B to A t B. 
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If we bad taken support A as our starting point, we should 
have worked in a similar manner, and have arrived at precisely 
the same result ; so that it does not matter at all which side 
we take for the flange strains, but it does matter as regards 
the shearing strain, as I shall now proceed to show you. In 
the case of a concentrated load the shearing strain is uniform 
throughout, when the load is central ; but when the load is 
out of the centre, the shearing strain is measured on esich 
side by the proportion of the weight which is carried by the 
support. To indicate this graphically we must make some 
additions to our sketch. Drop Kj = W, join j B intersecting 
e e produced in "k^ draw h m vertical and j m horizontal, then 
e h will be the shearing strain on side A, and k m the shear- 
ing strain on side B ; but we must show it on the sketch a 
little more clearly. Draw m n parallel toy B, draw horizontal 
lines n o and kp, then the shearing strain at any point will 
be given by ordinates to the outline A jp konB. 

Now for the sketch that is to explain in a very simple 
way the strength of a girder by leverage (Fig. 68.) Here 
we have two levers joined at right angles to each other at 
the fulcrum, and shown by thick lines ; viz., the length from 
load to support, and the depth. Then we have the load 
which gives us the position of the fulcrum, the reaction at 
B which is influenced by the amount and position of the 
load, and S the resistance in either flange under the load, say 
the compressive stress in the top flange. From these par- 
ticulars we obtain the following proportions : 

I : X : : W : B 

d : y : : B : S. 

B X V 
Putting the latter into an equation, we have S= — -r-^ 

W X X 
but B is made up of — 7 as shown by the former propor- 
tion, and as we found in considering leverages ; we may 

D 
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therefore rub out the B, and replace it by — j — - thus : 

8= — ' 



d 

and the same thing in a simpler form will be 

W X « X y 



S = 



IX d 



but in a formula of this kind it is unnecessary to put the 
sign of multiplication; if the letters are simply written 
against each other, thus, 

W»y 

it is understood that those above the line are multiplied 
together, and those below the line are multiplied together, 
the line indicating that the upper group is divided by the 
lower group. 

Algebraically, the shearing strain on either side of the load 
is found in the same way as the pressure on the supports, viz. : 

Side B = -y- > side A = -^. 

If there are two or more concentrated loads, the strains 
due to each must be worked out separately and added 
together. If they are worked out geometrically, a separate 
diagram is made, upon the same foundation, for each load, 
and the two diagrams are combined to form a final diagram. 
In adopting this method care must be taken that any portion 
of the second series of strains overlapping the first is added 
on to the outside, as in Fig. 69. Take A B as a girder 
supported at the ends, c d as the position of two loads, and 
A 6 B, A/B, the strains in the flanges produced by the re- 
spective loads. The two diagrams overlap at the shaded 
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part AghiB. Add c g above e = ej\ di above f = fh, then 
join AjkB which will represent the combined diagram from 
the two loads. 

In finding the strain from a distributed hctd by leverage, 
yon mnst bear in mind that the reaction to be taken at the 
^ support is only half the load on the support, as previously 
explained, or one-fourth of the total load, the other one- 
fourth upon the support resting there direct, without affecting 
the maximum strain on the girder (see Fig. 70). If this 
point be remembered, the leverage mode is by far the better 
way to work out an examination question, because you can 
reason it all through without being dependent upon your 
recollection of furmulas. 

The form of diagram which I have selected in each case 
has been that in which you can trace the reason for the 
different lines, in order to assist you to think out the combi- 
nations in other examples. There are some simpler forms 
very readily applied, and depending upon the principles you 
have already learnt ; but not so self-evident. Here is one 
(Fig. 71), giving all the strains in a girder carrying a single 
concentrated load. From A drop a vertical line A c = the 
weight, on any given scale ; join B c, drop a vertical line 
from W cutting Be in d, from d draw d ef horizontally, 
cutting A c in e, join W A and produce the line to meet d ef 
in point /. As a check upon the working, fc ought to be 
found parallel with W B. Then A e will be the load on A, 
e c the load on B, A e will also be the shearing strain between 
A and W, e c that between B and W, and ef will be the 
maximum strain in the flanges under the load, giving tension 
in bottom flange and compression in top. 

If there were a second load, the strains from it might be 
worked out at the other end of the girder, and the two sets 
combined on the top. 

There 'is an alternative method of working this diagram 
which I will give you with the same lettering (Fig. 72). I 

j> 2 
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have departed from the usnal method of taking a central 
load for consideration first, and then assuming it out of the 
centre, because it iis apt to mislead and cause you to think 
that different methods must be adopted according to the 
position of the load, whereas one method answers all 
purposes. 

In all these diagrams you will observe that, although the 
girders are supposed to be drawn to scale, I terminate them 
at the edges of the supports, because, theoretically, that in- 
cludes the whole of the portion under strain. 

There is sometimes shown an extension of the last diagram, 
by which the strain is found at any point, as well as the 
maximum strain ; see Fig. 73. On a girder A B D, with 
load at W, set up A e = load on A, and B/ = load on B, 
produce A W to meet a horizontal line from e in point gr, 
and B W to meet line from / in point A. Then, to find 
the strain at any point in the top flange between C 
and W, draw line from A through the point to meet 
line e g, and the distance from e along the line e g will be 
the strain. Also for the strain between W and D, draw 
line from B through the point required to meet /A, and the 
distance from / will be the measure of the strain. The 
maximum strain will be either eg or fh, which will be equal 
to each other. The strains in the bottom flange will of 
course be equal to those in the top flange, at the same hori- 
zontal distances from the abutments. This is a neat 
diagram, but on the whole is not so useful for practice as one 
giving the maximum strain, which is then placed over the 
load, and lines drawn to the supports, as in the large one 
(Fig. 67), given this evening. The reason will be seen 
when we look at the mode practised by draughtsmen for 
finding the proper lengths of the plates in a girder. 

Suppose the girder to have a concentrated load, and the 
maximum strain requires that four f -inch plates shall make 
up the thickness just under the load ; we set off the four 
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f-inch plates full size at the point of maximum strain in the 
flanges A B, and join the highest point with the extremities. 
Then we draw the plates so far that they overlap the 
" strain-line " just far enough to allow of the rivets securing 
the ends, as in Fig. 74. 

The due proportion of the amount of material in the 
different parts of a girder belongs to " practical designing," 
such as you will And exemplifled in a series of handbooks to 
be published shortly.* At present we must confine ourselves 
to finding the strains, and there are a few other cases of 
transverse strain which we must consider before we return 
to framed structures. We shall complete this portion of our 
subject in the next lecture. 



QUESTIONS FOB HOME-WOBK. 

1. A cantileyer of wrought iron is loaded with a weight of 3 tons at 
the end, and 4 tons spread uniformly along it; the length is 7 feet and 
the depth 1 foot; show how all the strains are obtained, and state 
their amount at a point 3 feet from the support. — Ans. (Diagram not 
drawn): 

From end load, tension and compression ,. .. 12*00 

„ distriD. it fi ,« n .. •• 4*0 1 



Total .. .. 16-57 

From end load, shearing 3*00 

„ distrib. „ „ 2*28 

Total .. .. 5-28 

2. Work out geometrically all the strains in a girder 20 feet span, 
1 foot 8 inches deep, with a concentrated load of 5 tons 5 feet from one 



* ' Designing Wrought and Oast-iron Structures,' by Henry Adams. 
Part I., Wrought and Oast-iron Girders, now ready. 
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end, and prove the result algebraically, exclnding the weight of the 
girder itself? — Ans. (Diagram not drawn): 

Flanges, under load . . = 11 *25 tons. 

Load on A = 3*75 „ 

Shearing, W A = 8*75 „ 

Load on B = 1 ' 25 „ 

Shearing, WB = 1-25 „ 

8. A girder, 20 feet span, 20 inches deep, has a load of 3 tons at 
5 feet from one end, and 2 tons at 5 feet from the other end ; what is 
the nature and amount of the strain in the top flange at the centre of 
the span, excluding weight of girder? — Ans. 7*5 tons, compression. 

4. In the last case, what additional strain would be caused if 
the weight of the girder (30 cwt.) were taken into account? — Ans. 
2-25 tons. 



I 
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LECTURE V. 

Girder with distributed load, other forms of diagram— Construction of 
ordinary formulse^ — Girders with intermediate supports — Continuous 
girders — Proportion of spans — ^Action of load — Points of contrary 
flexure — ^Diagram of strains — Formulae — Humberts Handy Book, 
recommended for general reference — Moving loads— Moving loads 
on cast-iron girders — Factor of safety — Formula for cast-iron bridge 
girders — Strength of beams, L ^^^ T irons — Transverse strains on 
rafters — Struts, stanchions, and columns — Joints and fastenings — 
Bivets, pins, and bolts— Single or double shear — ^Examples. 

This evening we have to finish the cases of transverse strain. 
We will commence with a girder nnder a uniformly dis- 
tributed load, an exceedingly common case, and I will show 
you how the formula in " Molesworth " and elsewhere is 
made up. For the load on each support (see Fig. 75) we take 
one-half the total load : this you have seen before. For the 
strain in the flanges, it is evident that the greatest strain 
would be in the centre at e. In finding the amount of the 
strain, we may say that half the load on 6 D is resting direct 
upon B, and the other half, or one-fourth the total load, is 
producing the strain, with the leverage e D against the depth 
B D, as in Fig. 70, then 

BD : eJ) :: JW: strain, * 

but e D = ^ length, say ^ Z; and D B = depth, say d ; there- 
fore, 

d : i Z : : i W : strain, 
or 
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or, multiplying by ^ and dividing by 4, being the same 
thing, we may get rid of fractions, thus : 



S = 



WxJJ 

4:d. ' 



and again, dividing by 2 instead of multiplying by j^, we get 

Wl 



s = 



8d' 



which is the ordinary formula for the strain in the centre 
under a distributed load. 

To find the strain at any other point m, Fig. 76, the 

formula will be S« = J^ , and if the load be given at per 

Aid 

foot run = w, we take the whole load as to Z, so that our 

formulas become 

To obtain the strains geometrically, draw your girder to 
scale, say A B, Fig. 77, with depth c d, set up a centre line 
at c, and mark off c to = one-fourth the total load, join d B, 
and parallel to it draw to e. From c as a centre describe 
the quadrant e/, then c/will be the flange strain in the 
centre. Next set up A ^, and draw/^ horizontally to meet 
it in g, mark off A c into any number of equal parts, and A g 
into the same number, draw vertical lines from the points on 
A c, and cut them by lines drawn from / to the divisions on 
A g ; these points of intersection will give half a parabola 
with its vertex at /, and the height to the curve at any point 
will equal the strain. We need not draw the other half of 
the parabola, as the strains will be exactly similar on both 
sides of the centre line. For the shearing strain join B to, 
and produce it to cut A ^ in A, join h c, then vertical 
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measurements from A c to ^ c will give the shearing strain at 
any point. You will find that it is equal at the supports to 
half the load, and disappears at the centre. 

The rapid diagram shown in the last lecture for a con- 
centrated load will apply, with a slight modification, to the 
case of a distributed load. 

Let A B, Fig. 78, be the girder, with depth c d. Drop 
A e = JW(W = total load), join e B, drop c d to f, join 
e A and produce the line, draw/^ horizontally, and produce 
to cut line through c A in point h ; join d e. Then g h will 
be the maximum strain in centre of flanges, A e the load on 
each support, and ordinates from Ad to ed will give the 
shearing strain in the web. 

There is an arrangement adopted in some bridges by which 
lighter girders can be used, and that is by putting in inter- 
mediate supports, or we may say the girder is continuous 
over so-many spans, and therefore generally called a con- 
tinuous girder. Suppose we have one continued over three 
spans, as in Fig. 79, the outer ones being preferably about 
f ths the length of the middle span. The tendency of the 
girder under a distributed load will be to bend, as in 
Fig. 80, the thick lines showing the parts in compression, 
the thin lines those in tension, and the effect will be the 
same as if there were three girders fixed firmly at their ends 
over the intermediate piers. 

The points in the fianges where the strain changes from 
compression to tension, and vice versa, are called the points of 
contrary flexure, or in plain English, the points where the 
bending reverses. A graphic diagram of the strains obtained 
from formulaB will show, easily and clearly, both their 
nature and amount. Taking w as the load per unit of length, 
and the girder as of uniform strength, set up E F in the 

centre of span a, Fig. 81, = ^-r, and construct a parabola 

o d 
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tea* 



A F B. Then at B erect B G equal to ^-j. Join A G in- 
tersecting A F B in n. Then H will be vertically over the 
point of contrary flexure, A F H will give the compressive 
strain in top flange and H G B tensile strain in top flange, 
measuring vertically on the shaded part of the diagram. 

1 2 

At centre of span B C set up IJ = -tt-j, and construct 

o Ot 

Q W 

parabola B J C, set up B G and C K each = -— -^; but if this 

32a 

value be less than that formerly found for B G, then use the 

former value, if greater use the present and alter line A G 

accordingly. Then join G K, intersecting B J C in L M. 

B G L will give tensile strain in top flange, L J M compressive 

strain in top flange, and the remainder of the girder will be 

similarly strained to the parts already taken. The strains 

in bottom flange will be equal throughout to those in top 

flange, but of opposite character. 

There are of course very many varied conditions of load, 
construction, and support, in the girders that you meet with 
in practice ; it would take too long to investigate the whole 
of them here, but I think I have told you enough about this 
portion of the subject to enable you to work out for your- 
selves other cases, or at any rate to understand the working 
out from such a book as Humber's " Handy book of Strains," 
a little volume which I look upon as indispensable to all 
having to do with girder work. There you will find much 
useful information, but it is so condensed that you would 
make nothing of it unless you had some previous general 
knowledge, such as I have now given you. 

From whatever source you obtain your mode of working, 
be careful to see that you have the units of measurement 
correct, because sometimes w stands for the whole load, and 
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at other times for the load per foot ran ; in some forinulaB a 
stands for span in feet and in others for span in inches, and 
so on. In all the cases we have taken, I have described the 
value of U7, and for span we have assumed the same unit as 
for depth, both being either in feet or in inches. 

As regards the nature of the load, we have assumed dead, 
fixed, or slowly applied loads, but there are cases in which 
live, moving, or suddenly applied loads must be estimated for, 
and with these you will obtain different results. The actual 
strain caused by a moving load is very difficult to determine, 
and depends partly upon the amount of deflection caused in 
the structure. This again is subject to the quality of the 
workmanship, the nature of the material, and the mode of 
connecting the parts, in such a way that it can only be 
approximately determined beforehand. From various expe- 
riments and theoretical deductions certain allowances are 
made, which principally affect cast iron, as it is considered 
to be to a great extent a treacherous material, and therefore a 
greater margin for safety must be provided. The only 
allowance of the kind that I need call your attention to now, 
is in connection with cast-iron girders for bridges, my for- 
mula for which is as follows, assuming the ultimate tensile 
stress of cast iron to be 7^ tons per square inch : 

. j 5 times dist. dead load tons 

& a. bott. flange = ^ 1 +8 times dist. live load tons 

5 times depth in inches. 

From this you will see that the moving load is assumed to 
distress the material more than an equal dead load, in the 
proportion of 8 to 5. The Board of Trade allowance is, I 
think, rather less than this, but I consider the above a good 
safe formula aud worth noting. 

It may be useful to give you a very handy little formula for 
the mental calculation of wrought and cast-iron girders, per- 
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fectly accurate under certain conditions, but approximately 
correct under any other conditions. 

Wrought iron dist. load, any span, any load, depth = ^ span 

s. a. top flange = * 3 W. 

Cast iron dist. load, any span, any load, depth = -^ span 

s. a. bottom flange = W. 

W being total load in tons, and the area in square inches. 

In a solid girder, such as a wooden beam or the test bar 
used for judging the quality of cast iron, the transverse 
strains are not found in the same way as those in a flanged 
girder ; but as these calculations are not much required by 
the engineer, and we have previously investigated them in the 
course of lectures on *' Timber," we need not go into it again 
now. 

Angle and tee irons are of course used very largely in 
positions in which they are subject to transverse strain ; the 
proportioning of the amount of material depends upon a 
calculation in which the centre of gravity of the section and 
the neutral axis have to be found. This belongs to designing, 
but there is something more to say under the head of Strains 
bearing upon this part of the subject. 

When you have an inclined rafter of angle or tee iron, say 
with a uniformly distributed load, there are two ways of 
obtaining the value of the cross strain. 

Let A B (Fig. 82) be the rafter, and B the height of 
B above A, then the calculation may be made the same as for 
a girder under a distributed load, taking A C as the length 
or span instead of A B, and bearing in mind that the depth 
d in the formula will depend upon the form of the cross 
section. Or we may take it another way ; and say that ^ 
the load is carried direct upon each abutment, and ^ trans- 
mitted to each abutment through the rafter, these f acting 
in the centre and producing a cross strain, the amount 
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of whicli will vary according to the angle of the rafter, and 
the effect according to the form of the cross section. Eafters 
are always made of uniform section, and we therefore want 
only the maximum strain, which will be in the centre. Take 
Jths or ^ the load as acting vertically on the centre with 
the span AC; or by parallelogram of forces, let c? e = ^ W 
(Fig. 83), draw e f parallel to B A, and d f parallel to the 
direction in which the effect is required, viz., perpendicular 
to B A, then / d will equal the cross strain in the centre 
upon the length A B and perpendicular to it. This will 
be a strain for which additional material must be provided 
beyond that required for resisting the compression trans- 
mitted by the rafter due to the arrangement of the trussing. 

When a rafter or strut is inclined, although it may have 
no external load except one acting in the same direction as 
itself and producing compression, it is still subject to a cross 
strain from its own weight taken as a distributed load. The 
ties of a structure are also subject to the same conditions, 
but being generally lighter, and tensile stress resisting 
rather than assisting the bending, the effect is not so 
important. 

Vertical struts, as stanchions and columns, are subject to 
a bending action owing to the practical conditions of manu- 
facture, erection, and loading never being theoretically 
perfect. So far as the calculation of strains is concerned, 
all we can obtain is, the dead load producing compression ; 
but in designing columns we have to make allowance for 
this bending tendency, and, unless tables are referred to, it 
can only be done by logarithms, which is a hard name for 
an easy subject. 

Joints and fastenings must always be at least equally 
strong with the parts they connect ; as a general rule they 
are formed of rivets, pins, or bolts, the strain upon them 
being a shearing strain, tending to cut them through either 
at one point or at two points. This question of single or 
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double shear mast be practically noted, because, often you 
may find that a certain set of rivets &c. can only fail by 
being sheared through two places at the same time, and then 
you may take half the shearing force to obtain the requisite 
sectional area. 

We have now taken all the simple cases, forming, as it 
were, the foimdation upon which we can consider the com- 
plex cases. The Warren girder forms a very suitable 
example upon which to try our skill, and we shall proceed 
with this in the next lecture. 

QUESTIONS FOR HOME-WORK. 

1. In a girder 20 feet span, 1 foot 8 inches deep, with a uniformly 
distributed load of 5 tons, including weight of girder, what will be 
t)ie nature and amount of the yarious strains at a point 5 feet from the 
right-hand support ? — Ana : 

Compression, top flange 5*625 tons. 

Tension, bottom flange 5*625 „ 

Shearing web 1*25 „ 

2. A plate girder bridge is continuous over three spans of 15, 20, 
and 15 feet respectively, its depth is 2 feet, and the load distributed 
1^ tons per foot run on each girder; show by diagram the strains 
throughout. Scales } inch = 1 foot and 1 ton.— Ans. (See Fig. 84.) 
EF = 21^, BG = 28A, IJ = 37J. 

3. A rafter carries a distributed load of 2 tons, it is inclined at an 
angle of 30^, what will be the effect in transverse strain on the rafter ? 
— Ans. *87 tons in centre. 

4. What size should the bottom flange of a cast-iron bridge girder 
be in the centre, when the span is 20 feet, the depth 2 feet, the dead 
load 5 cwt. per foot run, and the moving, load 30 cwt. per foot run?— 
Ans. 44*17 square inches: say, 18 inches x 2i inches = 45 square 
inches. 
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LEOTUEE VL 

Open web girders — Warren, lattice, and trellis girders— Angle of 
inclination of bars — Proportion of depth to length — Warren girder 
under central concentrated load — Application of parallelogram of 
forces — ^All bars equally strained— Strain in flanges cumulative 
towards the centre of span — Value of strain at each part in terms 
of X — Vertical ends to girders, how affected by position of last bar 
— Warren girder under distributed load — ^Apportioning the load on 
each span — Action of load from point of application to each support 
— Bars not equally strained — Strains worked out by parallelogram of 
forces, commencing at support — Strains on cranes — Ordinary mode 
of working incorrect— Application of load is diagonally through 
sheave pin — Angle of jib affects strains — Examples. 

We will now apply our knowledge of the transmission of 
forces to ascertain the strains brought upon the several parts 
of a girder formed of open triangles, called a Warren girder, 
as in Fig. 85. When the bars cross each other, as in 
Fig. 86, it is called a lattice girder, and when several bars 
cross, as in Fig. 87, it is called a trellis girder. 

In a Warren girder the lattice bars are placed at an angle 
of 60^, making the triangles equal sided, and the bars there- 
fore equal in length to the width of a bay. The dej^th of the 
girder will always be a fixed proportion depending upon the 
number of bays in the span, and being • 866 or nearly y^^ths 
the width of a bay, this being the proportion the per- 
pendicular height of an equilateral triangle bears to its base. 

You will find it handy to note down this sketch of an 
equilateral triangle (Fig. 88), and the following equations : 

a 5 = 1, then c d = v' * 75 = '866, and a d = •5. 

ab = 2, „ cd = V~3~= 1-732, „ ad = 1-. 
cd = l, „ ac=l' 155, and a d = • 577. 
cd = -5, „ ac= 'blly „ ad= '288. 
V2 = 1-414 V3"= 1-732. 
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Also the sketch of a right-angled triangle with two eqnal 
acute angles, the longest side or hypothenuse forming an 
angle of 45° with the other two sides (Fig. 89). 

he = ac. 

he = 1, then ah = ^/T = 1-414. 

ah =ly „ hc=V'^= -707. 

These figures will enable you to sketch down the strains in 
lattice girders, by the parallelogram of forces, and follow the 
value of the lines through, without measuring. They are par- 
ticularly useful if you have no knowledge of trigonometry. 

To return to our Warren girder : if the depth appear too 
great, or too small, the number of bays must be modified 
accordingly. We will assume only 3 bays in order to 
reduce our work, but generally you would not have less than 
5, and might have as many as 13. 

We will consider this girder under four different condi- 
tions : with the load concentrated and distributed, and with 
the number of bays even and uneven. 

First, with a concentrated load in the centre on the top 
flange, and an even number of bays, as in Fig. 90. 

We have this load supported primarily by the two struts 
meeting underneath it, and as we know that half the load 
passes through each of them towards the support, these will 
be in compression, and the amount will be found by paral- 
lelogram of forces, as in Fig. 91, the vertical dotted line 
being equal to W ; taking one of these struts, we find at the 
bottom it produces (Fig. 92) tensile strain in the next 
inclined member, showing it to be a tie, and also in the 
bottom flange. The other strut produces similar strains on 
the other side. Then the tie, Fig. 93, brings a compressive 
strain on the next bar and on the top flange. This bar 
being the last, the strain transmitted by it is resolved into 
downward thrust, or dead weight on the support and tension 
in the bottom flange, as in Fig. 94. The ends of the top 
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flange, and the vertical ends of the girder do not receive any 

strain ; and the proof is that we have now traced the action 

of the load right through to the supports without passing 

through these portions. 

Upon putting this down to scale, you will find that with 

a single central load all the hars are equally strained, and 

with only three bays the top flange is uniformly strained 

throughout the two central bars, but the bottom flange has 

the strain from the end struts transmitted through it from 

end to end, and in the central portion it has the additional 

strain from the middle struts. Whatever the number of 

bays, the rule with a central load will be that the lattice bars 

are all equally strained, but the flanges will be strained in 

an increasing ratio towards the centre of the span, depending 

upon the number of bays upon each side producing a 

cumulative strain. 

Now, by reason of our knowing the proportions of an 

equilateral triangle, we can find the strains very easily by 

calculation. Suppose our girder to be 15 feet span, the 

16 
width of each bay will be -3- = 5 feet, and the depth of the 

o 

girder 5 X '866 = 4*33 feet, or say, 4 feet 4 inches. Let 

the load be twelve tons, then the strains will be found 

thus: 

s = span in feet, 
n = number of bays. 

g 

h = width of bay = - . 

• g 

d = depth of girder = "866-. 

n 

g 

I = length of bar in feet = - • 

n 

W = concentrated load in tons. 

X = strain on centre bars ; 
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then, 

d : Z : iW : «, 

iWZ w 

or X = ~j— J and this is = fT^qn* or '577 W. 

In this case, x will = 6 * 95 tons, and the strains will be as 
marked in Fig. 95, the dotted parts having no strain in them. 

It might be supposed that the strains in the flanges conld 
be found from the formulce we have previously taken, or by 
leverage, and this would be right for the bottom flange of 
this girder, but not for the top. The strain in the top 
flange is not due to the direct action of the load, but to the 
compression resulting from the two bars shown in tension, 
and the amount would be the same as if we took one bay for 
leverage, instead of 1^ as we should at the bottom. It will 
also be noticed that between the points of attachment the 
various portions of the girder are considered to be under 
uniform strain, so that a curve of strain say for the bottom 
flange would be something like a shearing diagram. Fig. 96. 

Now we will take the load in the centre again, but use a 
girder having four bays, the additional bay being placed 
half at each end of our last girder, as in Fig. 97, increasing 
the length to 20 feet, the other dimensions remaining the 
same. 

If I thicken the lines in compression, and mark on each 
part the value of the strains in terms of x, 1 think you will 
understand it without going through the working again. (See 
Fig. 98.) 

The dotted portion at each extremity has theoretically 
no strain, but is of course required to hold the vertical end 
in its place, and to give sufficient bearing surface for the 
end of the girder on the supports. It also shows you that 
a girder thus constructed may be supported at the ends of 
the top flange, if properly designed, the supports taking the 
place of the vertical ends. 
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We will now go back to our first girder of tliree bays, 
and put a distributed load of the same amount upon it. 
From a mere inspection of tbe bracing we can predict what 
the nature of the strains \vill be, and I may therefore just as 
well draw the girder at once in thick and thin lines, Wig. 99. 

If the total weight be 12 tons distributed, and the girder 
15 feet long, it will be |f = '8 tons per foot run. We must 
see how much of this will come on each apex or supporting 
point. Fig. 100 ; from a to 6 we have 2 • 6 feet, which x * H 
= 2 tons ; from 6 to c 5 feet x * 8 = 4 tons, c to d again 4 
tons, and d to e the same as the other end = 2 tons. Now, 
of the first 2 tons half is borne by the vertical bar at the end 
and the other half by the first pair of inclined bars. Then, 
with the 4 tons, we have half on each apex at the sides of 
that bay, and so on. Adding these half-loads together, we 
get 1, 3, 4, 3, 1. 

In order to get the strains correctly with a distributed 
load, or a load or loads out of the centre, it is necessary to 
work from the abutments towards the centre, and we must 
therefore find the pressure on the abutments next. To 
do this, we find the centre of gravity of the load, and obtain 
the result by leverage as previously explained. In this case, 
as the load is symmetrical, the pressure on each abutment 
will be half the total load, or 6 tons. But there is 1 
ton acting exactly opposite to it in 6 B and a A, so that the 
amount acting through the girder trussing will be 6 — 1 = 
5 tons. Tension and compression may be conveniently indi- 
cated by the signs — and +. By parallelogram of forces. 
Fig. 101, we resolve the 5 tons at B into 2 * 9 tons in g B, 
and 5 * 8 tons in (2 B. Transferring the strain in d B to its 
upper end, we then have the load on d, and the strain in 
d B, both acting at point d^ and we want to find the effect in 
g d and c d. Before this can be done, we must compound 
the two forces -{- ^ * ^ ^^^ ^ * ^ ^^^ o^®* ^ shown at h d^ 
then resolve its effect into the two parts c d and gd =4*0 

E 2 
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and 2 * 8 respectiyely. Transferring the strain in (2 ^ to its 
lower end, we have it acting upon fg and c g^ producing 
strains in each, equal to 2 * 3. Now we add the strain in B ^ 
to that vafg^ and we obtain the accamulated strain mfg = 
5*2. The other half of the girder will be exactly similar. 

I worked the strains in the first example this evening 
from the load towards the abutment, because it appears to be 
more direct, and when we omit the weight of girder there is 
no difficulty ; but you must take it as a general rule that in 
any case the strains should be worked from one abutment 
towards the other. In practice, of course, you never get a 
concentrated load alone : you have always the weight of the 
girder itself as a distributed load in addition to the other. 
The weight of girder is allowed by taking it as being divided 
over the various points of support, viz. the apex of each bay, 
precisely in the same way as you would consider it if it were 
an external distributed load. 

I have now shown you sufficient of the application of the 
parallelogram of forces to lattice girders to enable you, with 
time and patience, to work out any example that may arise ; 
the consideration of other arrangements of trussed girders 
will be better left until after the next lecture, as I shall 
then introduce to you a system of working by which your 
difficulties will so vanish that it may well be called the royal 
road to the determination of strains. 

There are, however, a few cases of structures in which the 
strains are determined more easily by the parallelogram of 
forces than by any other method. Among these are all 
varieties of cranes, and as I have not yet seen any book which 
indicates the mode of finding the strains correctly, it may be 
desirable to give you a few hints about them. 

In its simplest form, a crane is a projecting bracket, 
carrying a pulley, over which a rope or chain passes. If a 
crane of the kind shown in Fig. 102 have a load of 1 ton, 
the books say the strain will be tension = 1 ton, compression 



STEAINS IN IRONWORK, 53 

== v^ = 1'^ ^^^9 ^ ^ ^^g* 10^; ^^^ ^^ ^0 ^^6 this 

sketch as a sample, and apply the method without discrimina- 
tion, we shall soon get into difficulty. In the first place, the 
load is not hanging direct from the end of the jib; it is 
hanging on the chain, and the chain has an equal tension in 
every part, and we have therefore two forces, as in Fig. 104, 
the resultant of which will pass through the sheave-pin, and 
give us a diagonal force as the actual connecting link between 
the load and the crane. With the chain leading off horizon- 
tally from the top of the sheave, and the load always hanging 
vertically, we shall find the effect the same as if the load 
were hanging direct from the sheave-pin, so far no error ; but 
frequently the chain is not led horizontally from the top, 
and allowance should be made in many cases for pulling at 
the load with the chain out of plumh. So that practically 
we must take the direction of the chain for the top of the 
parallelogram, and the mean direction of the load for the 
side of the parallelogram. Then the remainder of the 
working will be a simple application of the principle that 
you have already had some practice in. 

If we had taken an angle of 60° for the jib, the error of 
the common mode of working would have heen very striking. 
Fig. 105 shows the arrangement, and enlarging the parallelo- 
gram of forces, as in Fig. 106, we find that the tension in 
the stays will be given as * 58 ton, and compression in jib 
1*16 tons ; whereas, taking the correct mode as in Fig. 107, 
or enlarged in Fig. 108, we find that both the jib and main- 
stay or tie rod are in compression, the amounts being re- 
spectively 1*16 tons and '42 ton. The weight of the parts 
will affect the precise result, but not the principle. This 
shows how very careful one must be to take the exact course 
by which the strain is communicated from one part to 
another. 

The subject of Cranes will form one of the lectures in the 
Advanced Ck>urse, which I propose to give as a sequel to the 
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present courBe; there is ample work for an evening in 
tracing ont the various strains upon a few of the more typical 
forms, and I must not detain you longer with them now. 

QUESTIONS FOB HOME-WORK. 

1. Mark the amount of strain in each part of the following trass 
(Fig. 109), when the load equals 8 tons, omitting weight of truss. — 
Ana See Fig. 110. 

2. In the following girder (Fig. Ill) mark the strains in each por- 
tion, taking the distributed load as 10 tons, including weight of girder. 
— Ans, See Fig. 112. 

8. In the following girder (Fig. 113) distinguish the parts in com- 
pression by thick lines. — Ans. 8ee Fig. 114. 
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LECTURE VII. 

The reciprocal diagram of forces — Explanation of the principle — 
General knowledge of strains necessary before use can be made of 
this system— Construction of diagram — Lettering spaces instead of 
lines — General directions for constructing diagrams — Application 
to roofs — Diagrams for single and double rafters — For span roof 
with tie rod— For same with addition of king bolt — For ordinary 
king-post roof truss— For roof with king and queen rods — For span 
roof with tie rod and double king bolt— For same with addition of 
struts — For same having additional ties and struts for larger span 
— ^For span roof with king bolt and cambered tie rod — For same 
with open king bolts — ^For trussed rafter roof— Examples. 

We have seen how to find the strains in the simplest form 
of a roof truss, or trussed beam, by means of the parallelo- 
gram of forces, and you will remember that I mentioned the 
fact, that if any three forces in equilibrium acting on a point 
be represented by three lines of proportionate magnitude 
and corresponding direction, they could be so arranged as 
to form a perfect triangle ; and any number of forces, under 
similar conditions, would form a closed polygon of the same 
number of sides. 

Well, the converse or reciprocal of that statement holds 
good, and upon this is founded the system first introduced 
by Professor Clerk Maxwell, called the " Eeciprocal diagram 
of forces " ; which has been f m'ther elaborated by Mr. Bow, 
a ciyil engineer, and I have now to introduce it to you with 
a few applications of my own. 

Briefly, the reciprocal relationship would be defined thus : 
corresponding lines which meet in a point in the one figure 
form a closed polygon in the other, but this is not always 
possible so far as regards lines representing external forces. 
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We will take a simple triangular truss to represent the 
method, and then you will better understand the directions 
which I shall giye you for finding the reciprocal diagram in 
any given case. 

Let Fig. 115 be the truss supported at each end, and, for 
sake of simplicity, loaded with a concentrated weight at the 
apex. 

Now, in this system it is of yital importance to ascertain 
correctly the position and amount of all external forces ; here 
we have three, I will indicate them by arrows (see Fig. 116). 
The next step is to letter each space within the trussing, and 
also each space outside the trussing, as in the figure. 

Then, in the diagram, any line representing a portion of 
the truss, or a line of force external to it, will be named from 
the two letters belonging to the two spaces it separates. 

Thus, draw CD (Fig. 117), in direction and magnitude 
equal to the load on apex; it is evident that the reaction 
on each support will equal iOD,orCB-f-BD = CD, there- 
fore place B midway between C and D. From C draw A 
parallel to the left-hand rafter, and BA parallel to tie 
rod, meeting in point A ; also D A parallel to right-hand 
rafter, when the figure is completed ; and by measuring the 
length of any line in the diagram we obtain the strain acting 
in or upon the part separating the similarly lettered spaces 
in the truss. To make the diagram indicate as much as 
possible, the parts in compression should be thickened, and 
you will have no dificulty in doing this with your present 
knowledge, although the diagram throws no light upon this 
portion of the subject. 

Ton will now be in a position to understand the detailed 
directions for constructing a reciprocal diagram for any 
other case. 

Ist. Assign a letter to each enclosed area of the truss, also 
to each division of the surrounding space as sepa- 
rated by the lines of action of the external forces. 
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2nd. The lines in the diagram are to be drawn parallel 
to the corresponding lines or parts of the truss 
figure. 

3rd. The forces acting in lines radiating from a point 
in the truss must in the reciprocal diagram form a 
closed polygon. 

4th. The sides of any uncrossed space, triangle, or other 
polygon, around or in the truss, must always be 
represented by lines radiating from a point in the 
reciprocal diagram, and that point is to be named 
by the letter assigned to the space or polygon. 

5th. All the external forces acting upon a truss must, 
taken together, be represented in the reciprocal 
diagram by the sides of a closed polygon. 

In the example we have taken above, the external forces, 
taken together, really form a closed polygon, but the sides 
overlie each other. If we open them a little, as in Fig. 118, 
we shall see this relationship better. 

Although the principles are so simple, the arrangement of 
the diagram will sometimes be a troublesome matter until you 
have had considerable experience, and I therefore propose to 
give you sketches of some of the ordinary forms of roof 
trussing in ironwork, with the corresponding diagram fully 
lettered, and in fact ready for you to apply to any case that 
may arise in your practice. 

We will start with our former illustration of the inclined 
beam, and divide the trussed examples into groups, according 
to the arrangement of the parts, assuming in every case a 
distributed load such as a roof has ordinarily to bear. 

For a single rafter, as in Fig. 119, commence with the loads, 
taking the left-hand first, and if your sketch has been lettered 
properly and the diagram worked correctly, the letters on the 
diagram will come in regular order, as shown in Fig. 120. 

For a pair of rafters we have the arrangement shown in 
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Fig. 121, with its diagram shown in Fig. 122,* and for the 
same with a tie rod we have Figs. 123 and 124:. In this last 
diagram we have a clear illustration of what I have told you 
previously about the portion of the distributed load next the 
abutment being carried direct by the support, without trans- 
mitting any strain through the truss. Here you see the piece 
D comes outside the lines showing the strains in the truss, 
indicating that it is dead load on the abutment only. 

Now, if we put a king bolt in the same truss, as in Fig. 
125, we shall find in Fig. 126 that it has no strain from the 
load, its sole duty being to support the tie rod. C A, C B 
are both horizontal, and must therefore be in the same 
straight line from C ; but £ A and F B are equal in length, 
start at equal distances from G, and make equal angles with 
£ F, therefore A and B must be both at the same point ; then 
the strain in A B being represented by the distance from 
A to B, it will be seen to be niL Many other cases will 
occur in practice, in which you will find that, so far as the 
transmission of the load is concerned, there will be a 
redundancy of parts indicated by the letters, representing a 
line, meeting in one point. In other cases you may find that 
there will be an excess of parts giving a variable strain 
according as the load is assumed to be borne more or less by 
the different members ; these latter are of course awkward 
instances, and belong to advanced practice. 

Now we will add two struts to the truss, and try the result. 
(See Figs. 127 and 128.) In this case A and D come into one 
point, because the tie rod is straight; if it were cambered 
they would not come together. 

Taking the same type of roof applied to a larger span, as 

* In the lectures the whole of the illustrations were drawn on the 
blackboard, the diagrams being constructed line by line ; it is hoped 
that the reader will find no great difficulty in tracing out for himself 
the order of working and the lengths of the lines with the lettering 
given. 
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in Fig. 129, we find, as we might have expected, that there 
is no strain in IJ, or A B. (See Fig. 130.) 

Now go back to Fig. 125 and split the king bolt so as to 
get two points of support for the tie rod, as in Fig. 131, and 
see what effect it has. We find by Fig. 132 that there is no 
strain in A B or B C due to the trussing, so that the only 
strain upon them will be due to the weight of the tie rod. 

Let us add two struts, and we get the truss and diagram 
shown in Figs. 133 and 134. 

Taking the same type of roof for a larger span, the 
additional trussing will be as shown in Fig. 135, and the 
diagram as in Fig. 136. In this form of roof the struts are 
sometimes arranged so as to be perpendicular to the rafters, 
and therefore in the best position for resisting the strain in 
them, because they are then of the minimum length. At 
other times they are arranged by dividing the tie rod equally 
and making the junctions with the tie rod at the points so 
found. 

Next go back to Fig. 125 and camber the tie rod, as in Fig. 
137 ; owing to the camber of the tie rod, we now get a strain 
in A B, as seen in Fig. 138. 

Now follow on with Fig. 131 cambering the tie rod in the 
same way, as shown in Fig. 139, the diagram for which will 
be Fig. 140. 

Take the same again with the addition of struts, as in Fig. 
141, giving a very common form, and known as a trussed 
rafter roof. We may consider this as two separate trusses, 
united by a tie, as in Fig. 143 : it is a very good form for 

small roofs. 

In this system of diagrams you have a key to the elucida- 
tion of the strains in the most complicated structures, and I 
shall further exemplify its use in the next lecture by taking 
various forms of lattice girders. 

Very careful working is necessary, and accurate parallelism 
between the lines of the diagram and those of the figure. 
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The examples for home-work upon the present lecture will 
form a very good test, both of your carefulness in this respect 
and of jour general ability in applying known rules to 
modified cases. 

QUESTIONS FOR HOME-WORK. 

Work ont the strains in the following trusses by means of reciprocal 
diagrams, and figure the values on the sketches : 

1. Span 20 feet, load 4 tons distributed, camber of tie-rod 12 inches, 
rise }th that of span. See Fig. 144.— Ans. See Figs. 145 and 146. 

2. Span 20 feet, load 4 tons distributed, camber 12 inches, rise }th 
of span. See Fig. 147.— Ans. See Figs. 148 and 149. 
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LECTUEE VIII. 

Application of reciprocal diagram to lattice girders — Diagram for 
Warren girder, with central load supported on top flange— For 
same with load on bottom flange— For same with additional bays — 
For same with distributed load on top flange — For same with load 
on bottom flange — ^For lattice girder, with bars intersecting at 45^ 
under concentrated and distributed loads — For lattice girder with 
vertical bars — ^Examples. 

This evening we shall apply the reciprocal diagram of forces 
to lattice girders of different kinds, and you will see how 
favourably the system compares with the ordinary parallelo- 
gram of forces for such investigations. 

Very little explanation will be required ; the chief difficulty 
is to know what form the diagram will take for each variety 
of girder or arrangement of bars. I will sketch them down, 
and point out any particular part requiring notice, and I hope 
yon will stop me at once, if any part is not quite clear to you, 
in order that I may explain it. 

We will take first a Warren girder of 3 bays, with a 
concentrated load in the centre on top flange. Fig. 150. In 
this diagram, Fig. 151, we have IJ = full load, and I H, 
H J each = ^ full load. There is no strain in I A or J G, 
which agrees with the result found by other methods. 

But suppose we have the same load supported by the 
bottom flange instead of the top, as in Fig. 152. We now get 
considerable alteration in the strains, and find some difficulty 
in adjusting the lines showing the application of the external 
force or load. The weight is acting in the centre of middle 
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bay, but so far as the trnssing is concerned, the load is 
divided between the points a and 6, and we must therefore 
put lines here, each representing half the load, and then 
letter the spaces as shown. The letter K represents the 
whole exterior of the girder above the abutments, because 
there is no external force outside of the reactions upon the 
abutments. Then, in constructing the diagram Fig. 153, 
we shall find that as the load is on the bottom flange the 
whole diagram will be reversed, the truss strains being on 
the right of the lines of forces instead of on the left, and 
you see that C D, D E have no strain upon them, because 
all three letters meet in one point in the diagram. 

Now take the first example again, and add half a bay on 
to each end, making 4 bays in all instead of 3, as in 
Fig. 154, giving the diagram in Fig. 155. 

If the load were taken on the bottom flange of this girder, 
you would work it out in the same way as Fig. 152, but the 
diagram would be like Fig. 151 reversed. 

Now take Fig. 150 again, and try it with a distributed 
load. Fig. 156, obtaining the diagram Fig. 157. 

If you compare diagrams 151 and 157, you will see 
that with the same total load the strains are much smaller 
with the load distributed, shown by the area of the diagram 
being smaller when drawn to the same scale. 

We will take the same girder again with a distributed 
load, but carried by the bottom flange, because we shall then 
discover a new difficulty. (See Fig. 158.) The difficulty is 
this : at each end of the girder next the abutment we want a 
lino to indicate the portion of the distributed load carried by 
that point, and also a line indicating the reaction of the 
abutment, both lines being truly vertical, and meeting at the 
same point. In a case like this, the simplest way' is. to 
imagine the double line split open, giving room to put a 
letter between, as shown at L and H. Then I H will be the 
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load and H M the reaction, and the diagram will be as 
Fig. 169. 

Next we will take a lattice girder, the bars of which cross 
each other in the centre of their length, and all incline at an 
angle of 45°, as in Fig. 160. It is very certain that, without 
being told, many of you would puzzle over this girder a 
long time before you would be able to satisfy yourselves 
about the strains, and you will most likely be astonished to 
see the number of theoretically useless parts, as proved by 
Fig. 161. Practically, the dotted bars would help to stiffen 
the others, and therefore be of some service, a bolt or rivet 
being put through their intersection. 

Taking the same girder with a distributed load on the 
top flaDge, as in Fig. 162, we shall find by diagram Fig. 163, 
that all the bars but two are strained. Point A in the 
diagram will be midway between P and Q. 

Suppose we add vertical struts to this girder at each apex, 
giving Fig. 164, we shall then find by Fig. 165 that even 
with a concentrated load all the bars are under strain except 
two struts which are not underneath the load. 

For the next example we will take the same girder, but 
with a distributed load carried by the bottom flange. Fig. 166. 
In this case, taking the letters in alphabetical order, W 
happens to come on top, where it represents the exterior 
space, not a load, and in setting off the loads in the diagram 
Fig. 167, we have some difficulty in finding point A. It is 
obtained thus : W Y is half the load, from this subtract 
VU, which is the amount borne direct by the abutment; 
the remainder U W will be transmitted half through A B 
and half through A C, therefore place A midway between 
W and U. In this case we have a perfect girder, every 
part being under strain. 

In applying reciprocal diagrams to the study of strains in 
bridges, great caution is required, owing to the magnitude 
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of the expenditure and credit at stake, and tbe difficulty in 
many cases of deciding the exact course of the strains. 
While the method is second to none for estimating the pro- 
portions in preliminary designs, precise calculations should 
bo resorted to for the final sections and joints. 

Many other structural forms might have claimed our 
notice, but as our time would only permit of examining a 
few leading varieties which could be treated in an elemen- 
tary manner, I have selected those which I thought would 
be most useful to you, and I hope that you will be able to 
make practical use of the information you have derived here. 

In conclusion, allow me to thank you most heartily for 
the interest you have shown in this comparatively dry 
subject, and particularly for the manner in which you have 
worked the home papers; although there have been 
numerous failures, there has on the whole been substantial 
progress. I always adopt the custom of giving questions 
for home-work, because it compels some attention to the 
subject between the lectures, and the answers enable me to 
gauge the ability of my hearers so that I may modify the 
future lectures if necessary ; and, moreover, the pleasure of 
personal conference with my hearers is not the least of the 
advantages. In all probability the scheme inaugurated by 
the lectures now brought to a close will become a per- 
manent feature of the Society of Engineers, and therefore 
any suggestions as to future subjects will be gladly received. 
I trust you will make these courses widely known among 
your professional friends, and I may say in response to 
numerous enquiries from those anxious to continue the 
study of strains, that I will endeayour to get an Advanced 
Course ready for next session, but my numerous engage- 
ments leaye me so little leisure, that it may be some months 
before I can make a commencement. Cranes, gas-holders, 
lock-gates, bridges, arched roofs, and the effect of moving 
loads will form some of the subjects ; and should any of you 
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in the meantime discover any structure involying special 
difficulties, I shall esteem it a favour if you will communi- 
cate with me, in order that they may receive due considera- 
tion. 

QUESTIONS FOR HOME-WORK. 

1. A Warren girder, 20 feet span, has a concentrated load of 5 tons, 
carried as shown in Fig. 168. Indicate the nature of the strains and 
figure their value, omitting the weight of the girder. — Ans. See 
Figs. 169 and 170. 

2. A lattice girder (as in Fig. 171) for bridge 24 feet span, 6 feet 
deep, weighs 4 tons, and carries a distributed load of 2 tons per foot 
run on bottom flange ; show the nature of the strains and figure their 
value. — Ans. See Fig. 172, and for diagram see Fig. 167. 
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Hydrodynamics : Treatise relative to the Testing of 

Water- Wheels and Machinery, with various other matters pertaining to 
Hydrodynamics. By JAMES Emerson. fVith numerous illustrations^' 
360 pp. Third edition, crown 8vo, cloth, 4f. 6d, 

Electricity as a Motive Power. By Count Th. Da 

MoNCEL, Membre de Tlnstitut de France, and Frank Geraldy, Ingd- 
nieur des Fonts et Chaussees. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc Soc. Tel. Eng. and Elec. With 113 engravings 
and diagrams, crown 8vo, cloth, 7j. 6?. 

Hints on Architectural fraught srnanship. By G. W. 

TuxFORD Hallatt. Fcap. 8vo, cloth, ix. dd. 
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Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeuner, 
Professor of Applied Mechanics at the Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa, Illustrated, 8vo, cloth, r2j. dd. 

The French' Polishers Manual, By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions Tor Re- | 

polishing. Third edition, royal 32mo, sewed, 6d. 

Hops, their Cultivation, Commerce, and Uses in 

various Countries, By P. L. SiMMONDS. Crown 8vo, cloth, 4f. 6^. 

A Practical Treatise on the Manufacture and Distri- 
bution of Coal Gas. By William Richards. Demy 4to, with numerous 
wood engravinj^s and 2<) plates, cXoih, 2^. 

Synopsis of Contents : 

Introduction — Hjstory of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs.— Retorts, Iron and Clay — Retort Setting — Hydraulic Main — Con- 
densers—Exhausters — Washers and Scrubbers — Purifiers — Purification — History of Gas 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station M eter — Governor — Distribution — 
Mains — ^Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq.— 
Services— Consumers' Meters — Regulators — ^Burners— Fittings — Photometer— Carburization 
of Gas— Air Gas and Water Gas — Composition of Coal Gas, by Lewis Thompson, Esq. — 
Analyses of Gas — Influence of Atmospheric Pressure and Temperature on Gas — Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., etc 

Practical Geometry^ Perspective^ and Engineering 

Drawing; a Course of Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of ! 
cast shadows and Isometric Projection, each chapter being followed by i 
numerous examples ; to which are added rules for Shading, Shade-lining, j 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter j 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second | 
^ edition, with 21 plates, 2 vols., cloth, lOJ*. 6d, • 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt. 
R.E., Instructor in Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, croWn 8vo, cloth, 5j, 

The Principles of Graphic Statics, By George 

Sydenham Clarke, Capt. Royal Engineers. With 112 illustrations, \ 

4to, cloth, \2s, 6d, j 

Dynamo-Electric Machinery : A Manual for Students ' 

of Electro-technics. By Silvanus P. Thompson, B.A., D.Sc, Professor 
of Experimental Physics in University College, Bristol, etc., etc. Illus- 
trated, 8vo, cloth, 12s, 6d, 
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Tlie New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. K utter. Translated from articles in 
the *Cultur-Ingenieur,* by Lowis D'A. Jackson, Assoc. Inst. C.E. 
8vo, cloth, I2s. 6d, 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
nufnerous plates J post 8vo, cloth, ^s. 

A Practical Treatise 07t the Construction of Hori- 
zontal and Vertical Waterwkeels^ specially designed for the use of opera- 
tive mechanics. By William CuLLEN, Millwright and Engineer. Witk 
II plates. Second edition, revised and enlarged, small 4to, cloth, I2j. 6^. 

Tin : Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. PViih plates y 8vo, cloth, lis. 6d. 

Perspective^ Explained and Ilbistrated. By G. S. 

Clarke, Capt. R.E. With illustrations^ 8vo, cloth, 31'. dd. 

The Essential Elements of Practical Mechanics; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 wood engravings,, post 8vo, cloth, 
7^. 6d. 

Contents : 

Chap. I. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap, 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion— Chap. j. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies— Chap. 4. The Transmission of Work by 
simple Machines — Chap. 5. Useful Propositions and Rules. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, y. 

Breweries and Mattings : their Arrangement, Con- 
struction, Machinery, and Plant. By G. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. With 20 plates, 8vo, cloth, iS.f. 

A Practical Treatise on the Manufacture of Starch, 

Glucose, Starch-Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and 
other authorities. By Julius Frankel ; edited by Robert Hutter, 
proprietor of the Philadelphia Starch Works. ]^ith 58 illustrations, 

344 pp., 8vo, cloth, i8j. 
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A Practical Treatise on Mill-gearingy Wheels, Shafts, 

Riggers, etc, ; for the use of Engineers. By Thomas Box. Third 
edition, wtiA 1 1 plates. Crown 8vo, doth, *js, 6d, 

Mining . Machinery : a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
AndriS, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. 12s. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting — Ventilation — Pumping — 

Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 1 

Coal, Sulphur, China Clay, Brick Earth, etc. ! 

■ 

Tables for Setting out Curves for Railways, Canals, 

Roads, etc, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 32mo, cloth, 2s. 6d, 

The Science and Art of the Manufacture of Poi^tland 

Cement, with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,' etc., etc. 8vo, cloth, i8j. 

The Di^aughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustratio7ts 
in the text, and 33 plates (15 printed in colours). By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9^. • 1 

Contents : '• 

The Drawing Office and its Furnishings — Geometrical Problems — Lines, Dots, and their . 

Combinations — Colours, Shading, Lettering, Bordeiring, and North Points — Scales — Plotting 1 

— Civil Engineers* and Surveyors* Plans — Map Drawing — Mechanical and Architectural 
Drawing — Copying and Reducing Trigonometrical Formula, etc., etc. 

The Boiler-maker s andiron Ship-builder s Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of * Mechanical Tables,' etc. Second edition revised, with illustra' 
tions, crown 8vo, cloth, 5^. 

Rock Blasting: 3. Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andr^, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
los. 6d, 

Painting and Painters Manual: a Book of Facts 

for Painters and those who Use or Deal in Paint Materials. By C. L. 

Condit and J. Scheller. Illustrated, 8vo, cloth, los, 6d. 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards^ with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, 3^. 

Laxtons Builders a7id Contractors Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, 5^. 

Laxtons Builders and Contractors Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5j". 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts ^ 8vo, cloth, i/. ioj. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Cloth, oblong, 2j. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement Of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, u., or sewed, dd. 

A Treatise on a Practical Method of Designi7ig Slide- 

Valve Gears by Simple Geometrical Construction ^ based upon the principles 
enunciated in Euclid*s Elements, and comprising the various forms of 
Plain Slide- Valve and Expansion Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By Edward J. Cowling Welgh, 
Memb, Inst. Mechanical Engineers. Crown 8vo, cloth, 6j. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d, 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised by his Son, E. F. Bailev-Denton, C.E., B.A. 
With 140 illustrations, 8vo, cloth, 8r. dd. 
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A Glossary of Terms used in Coal Mining. By 

William Stukeley Gresley, Assoc. Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated -with 
numerous woodcuts and diagrams^ crown 8vo, cloth, 5^. 

A Pocket- Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
3 2 mo, roan, gilt edges, 5j. 

The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, and other Forms of 
Girders, the Curved Roof, and Simple and Compound Trusses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers. With 64 illustrations^ drawn and worked out to scale, 
8vo, cloth, I2J-. 6d. 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction: By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
I he Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and ^ plates, in one Volume, half- bound morocco, 2/. 2^. ; 
or cheaper edition, cloth, 25J. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Wii\ding, Portable, Semi- 
poriablc, Corliss, Allen, Compound, and other similar Engines, by the most emment Firms^m 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods Cross-heads, Motion- blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct.; 

Barlows Tables of Squares, Cubes, Sqtiare Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, 6^". 

Camus (M.) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers. Translated from the French, with details of the present 
practice of Millwrights, Engine Makers, and other Machinists, by 
Isaac 1:IA^VKINS. Third edition, ivith \% plates, Svo, cloth, 5^. 
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A Practical Treatise on the Science of Land and 

Engineering Surveyings Levelling^ Estimating Quantities ^ etc, with a 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Third edition, 41 plates 
with illustrations and tables , royal 8vo, cloth, 12^*. 6^. 

Principal Contents : 

^ Part X. Introduction and the Principles of Geometry. Part a. Land Surveying ; com- 

? rising General Observations— The Cham — Offsets Surveying by the Chain onlY— Surveying 
nily Ground — ^To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite — Mining and Town Surveying— Railroad Surveying — Mapping— Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Simple and Compound Levelling— The Level Book—- Parliamentary Plan and Section — 
Levelling with a Theodolite-rGradients — ^Wooden Curves— To Lay out a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates — Cuttings and 
Embankments — Tunnels— Brickwork — Ironwork — ^Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plottine — ^The Improved Dumpy Level— Troughton's 
Level— The Prismatic Compass — Proportional Compass— Box Sextant — ^Vernier — Panta- 
graph — Merrett's Improved Quadrant — Improved Computation ScSe — The Diagonal Scale — 
Straight Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-Smes, Tangents and C6-Tangents — Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Saws: the History, Development , Action, Classifica" 

tiony and Comparison of Saws of all kinds. By Robert Grimshaw. 
IVith 220 il lustrations, 410, cloth, I2J. dd, 

A Supplement to the above; containing additional 

practical matter, more especially relating to the forms of Saw Teeth for 
special material and conditions, and to the behaviour of Saws under 
particular conditions. With 120 illustrations, cloth, 9^. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illustrations, 
second edition, crown 8vo, cloth, 4r. td. 

Laying and Repairing Electric Telegraph Cables. By 

Capt. V. Hoskicer, Royal Danish Engineers. Cro\vn 8vo, cloth, 
y. 6d. 

A Pocket- Book of Practical Rules for the Proportions 

of Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Seventh edition, royal 32mo, roan, 4;. dd. 

The Assayers Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by W. T. Brannt. With 65 
illustrations, 8vo, cloth, I2s, 6d. 

The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterii.l, M.A., 
F.R.S.,. Professor of Applied Mechanics in the Royal Naval College^ 
3vo, cloth, I2s, 6d, 
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Electricity: its Theory, Sources, and Applications. 

By J. T. Sprague, M.S.T.E. Second edition, revised and enlarged, laith 
numerous illustrations^ crown 8vo, cloth, 15J. 

The Prccctice of Hand Turning in Wood, Ivory, Shell, 

etc, with Instructions for Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis C ampin. 
Third edition, with wood engravings, crown 8vo, cloth, 6j. 

Contents : 

On Lathes — ^Tumiag Tools — ^Turning Wood — Drilling — Screw Cutting— Miscellaneous 
Apparatus and Processes — ^Turning Particular Forms — Staining — Polishing— Spinning Metals 
— Materials — Ornamental Turning, etc. 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self- Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates, demy 8vo, cloth, *js, 6d. 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With ;^2 illustrations, crown 
8vo, cloth, 6^. 6cl. 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools— Time— Historical Sum- 
mary — On Calculations of the Numbers for Wheels and Pinions ; . their Proportional Sizes, 
Trams, etc. — Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
up — The Verge— The Horizontal — ^The Duplex— The Lever— The Chronometer— Repeating 
Watches— Keyless Watches— The Pendulum, or Spiral Spring — Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade — Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 

Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem, Inst. M.E., 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 2s, 6d, 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of * A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2j. 6d, 

Contents : 

Symbols and the Signs of Operation — ^The Equation and the Unknown Quantity- 
Positive and Negative Quantities — Multiplication — Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms-^Logarithms— Tables of Logarithms 
and Proportionate Parts— Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem — Division, 
Fractions, and Ratio — Continued Proportion — ^The Series and the Summation of the Series — 
Limit of Series — Square and Cube Roots— Equations — List of Founulie, etc. . 

Sponi Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 3100 pp., and nearly 8000 engravings, in super-royal 8vo, 
in 8 divisions, 5/. &r. Complete in 3 vols., cloth, 5/. 5x« Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 6/. lis. 



In super-royal 8vo, xi68 pp., with 3400 iUustratunu, in 3 Divisions, cloth, price 13J. 6rf. 

each ; or 1 vol., cloth, 2/. ; or half-morocco, a/. Zs. 
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TQ 
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Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 
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and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. 

Antimony, 

Axles and Axle-boxes. 

Bam Machinery. 

Belts and Belting. 

Blasting. Boilers. 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
IntegraL 

Canals. 

Carpentry. 

Cast Iron. 

Cement, Concrete, 
Limes, and Mortar. 

Chimney Shafts. 

Coal Cleansing and 
Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, 
Telegraphy, Electric 
Lighting and its prac- 
ticaldetailsjTelepliones 

Engines, Varieties of. 

Explosives. Fans. 

Founding, Moulding and 
the practical work of 
the Foundry. 

Gas, Manufacture of. 

Hammers, Steam and 
other Power. 

Heat. Horse Power. 

Hydraulics. 

Hydro-geology. 

Indicators. Iron. 

Lifts, Hoists, and Eleva- 
tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis 
sion. • 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills, 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

Well Sinking. 
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^f^A nearly 1500 illustrations ^ in super-royal 8vo, in 5 Divisions, cloth. 
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INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. ^ 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following : — 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, S9 pp. 78 figs. 
Alloys. Alum. 

Asphalt. Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 
Bleaching Powder, 15 pp. 

Bleaching, 5' PP- 4^ ^g^* 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

PP- 57 figs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 1 6 pp. 
Electro-Metallurgy, 13 

pp. 
Explosives, 22 pp. 33 figs. 
Feathers. 
Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 16 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. ' 

Gas, Coal, 8 pp. 

Gems. 

Glass, 45 pp. 77 figs. 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hop^. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., II figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 1 7 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31 pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

II figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. . 
Starch, 9 pp. 10 figs. 
Sugar, 15s pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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WORKSHOP EECEIPTS, 

FIRST SERIES. 

By ERNEST SPON, 



Synopsis of Contents. 

Freezing. 

Fulminates. 

Furniture Creams, Oils, 
Polishes, Lacquers, 
and Pastes. 

Gilding. 

Glass Cutting, Cleaning, 
Frosting, Drilling, 
Darkening, Bending, 
Staining, and Paint- 
ing. 

Glass Making. 

Glues. 

Gold. 

Graining. 

Gums. 

Gun Cotton. . 

Gunpowder. 

Horn Working. 

Indiarubber. 

Japans, Japanning, and 
kindred processes. 

Lacquers. 

Lathing. 

Lubricants. 

Marble Working. 

Matches. 

Mortars. 

Nitro-Glycerine. 

Oils. 



Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

C olourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dynamite. 

Electro - Metallurgy* — 

(Cleaning, Dipping, 

Scratch-brushing, Bat- 
teries, Baths, and 

Deposits of every 

description). 
Enamels. 
Engraving on Wood, 

Copper, Gold, Silver, 

Steel, and Stone. ' 

Etching and Aqua Tint, i 
Firework Making — 

(Rockets, Stars, Rains, 

Gerbes, Jets, Tour- 
billons, Candles, Fires, 

Lances,Lights,Wheels, 

Fire-balloons, and 

minor Fireworks). 
Fluxes, 
Foundry Mixtures. 

Besides Receipts relating to the lesser Technological matters and processes, 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o'-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterprofing. 

Welding. 
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WOEKSHOP EECEIPTS, 

SECOND SERIES. 

By ROBERT HALDANE. 



Acidimetry and Alkali- 
metry. 
Albumen. 
Alcohol. 
Alkaloids. 
Baking-powders. 
Bitters. 
Bleaching. 
Boiler Incrustations. 
Cements and Lutes. 
Cleansing. 
Confectionery. 
Copying. 



SvNOPSiis OF Contents. 

Disinfectants. 

Dyeing, Staining, and 

Colouring. 
Essences. 
Extracts. . 
Fireproofing. 
Gelatine, Glue, and Size. 
Glycerine. 
Gut. 

Hydrogen peroxide. 
Ink. 
Iodine. 
Iodoform. 



Isinglass. 

Iw)ry substitutes. 

Leather. 

Luminous bodies. 

Magnesia. 

Matches. 

Paper. 

Parchment. 

Perchloric acid. 

Potassium oxalate. 

Preserving. 



Pigments, Paint, and Painting : embracing the preparation of 
Pigments^ including alumina lakes, blacks (animal, bone, Frankfort, ivory, 
lamp, sight, soot), blues (antimony, Antwerp, cobalt, coeruleum, Egyptian, 
manganate, Paris, Peligot, Prussian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (baryta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, mountain, Prussian, 
sap, Scheele's, Schweinfurth, titanium, verdigris, zinc), reds (Brazilwood lake, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (alum, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, and 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; Faint 
(vehicles, testing oils, driers, grinding, storing, applying, priming, drying, 
filling, coats, brushes, surface, water-colours, removing smell, discoloration ; 
miscellaneous paints — cement paint for carton-pierre, copper paint, gold paint, 
iron paint, lime paints, silicated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Painting (general instructions, 
proportions of ingredients, measuring paint work ; carriage painting — priming 
paint, best putty, finishing colour, cause of cracking, mixing the paints, oils, 
driers, and colours, varnishing, importance of washing vehicles, re-varnishing, 
how to dry paint ; woodwork painting). 
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WOEKSHOP BECEIPTS, 

THIRD SERIES. 

By C. G. WARNFORD LOCK. 

« 

Uniform with the First and Second Series. 
Synopsis of Contents. 



Alloys. 


Indiunu 


Rubidium. 


Aluminium. 


Iridium. 


Ruthenium. 


Antimony. 


Iron and Steel. 


Selenium. 


Barium. 


Lacquers and Lacquering. 


Silver. 


Beryllium. 


Lanthanum. 


Slag. 


Bismuth. 


Lea^. 


Sodium. 


Cadmium. 


Lithium. 


Strontium. 


Caesium. 


Lubricants. 


Tantalum. 


Calcium. 


Magnesium. 


Terbium. 


Cerium. 


Manganese. 


Thallium. 


Chromium. 


Mercury. 


Thorium, 


Cobalt. 


Mica. 


Tin. 


Cgpper. 


Molybdenum. 


Titanium. 


Didymium. 


Nickel. 


Tungsten. 


Electrics. 


Niobium. 


Uranium. 


Enamels and Glazes. 


Osmium. 


Vanadium. 


Erbium. 


Palladium. 


Yttrium. 


Gallium, 


Platinum. 


Zinc. 


Glass. 


Potassium. 


Zirconium. 


Gold. 


Rhodium. 


Aluminium. 
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In demy 8vo, cloth, 6c» pages, and 1420 Illustrations, 6s. 

SPONS' 
MECHANIC'S OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 



Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop aRpliances, rough furniture, 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta, 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing— Paper-hanging— Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation— Hints on House Construction suited to new 
countries. 
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